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INTRODUCTION 

The  extensive  cultivation  of  the  sweetpotato  in  the  United  States, 
its  high  food  value,  and  the  considerable  portion  of  the  crop  which 
is  annually  lost  through  absence  of  means  for  its  preservation  are 
sufficient  justification  of  rather  thorough  investigation  of  possible 
means  for  more  effective  utilization  of  the  crop,  either  by  direct 
manufacture  into  food  products  or  as  raw  material  for  industrial 
purposes.  An  adequate  foundation  for  such  studies  is  supplied. by 
the  numerous  investigations  of  the  developmental  and  storage  physi- 
ology of  the  roots  (2,  16,  20,  21,  22,  23,  2k,  29,  35,  39,40,  U)1  and  of 
the  physical  and  chemical  changes  occurring  during  the  curing 
process  (6,10,22,26). 

EARLIER  STUDIES  OF  THE  UTILIZATION  OF  THE 
SWEETPOTATO 

Long  continued  cultivation  of  the  sweetpotato  in  Japan  has  resulted 
in  the  development  by  that  people  of  a  number  of  methods  of  utilizing 
the  crop.  Manufacture  of  starch  from  the  sweetpotato  has  long  been 
practiced,  and  has  grown  from  a  household  practice  into  an  industry 

1  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  49. 
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of  considerable  magnitude  employing  at  least  in  part  varieties  se- 
lected or  developed  specifically  for  the  purpose  (1,  49).  Sweetpo- 
tatoes  are  also  rather  extensively  used  in  the  manufacture  of  alco- 
hol in  Japan,  and  a  considerable  portion  of  the  material  so  used 
is  previously  dried  in  order  to  extend  the  working  season  of  the 
alcohol  plants  as  well  as  to  decrease  transportation  costs.  Dried 
sweetpotatoes,  known  as  sen,  are  rather  extensively  employed  as 
human  food,  especially  in  Taiwan. 

Shiver  (39),  working  at  the  South  Carolina  Agricultural  Experi- 
ment Station,  appears  to  have  been  the  first  American  worker  to  realize 
the  possibilities  of  the  sweetpotato  as  a  source  of  starch.  His  first 
publication  on  the  subject  appeared  in  1897,  and  the  series  of  studies 
thus  begun  was  continued  in  various  publications  of  Shiver,  Keitt, 
and  their  associates  in  the  station  over  a  period  of  15  years  (27,  28, 
£9,  SO,  36,  Jfl,  4.1).  Among  these,  that  of  McDonnell  (30)  described 
in  detail  a  method  for  the  extraction  of  starch  from  the  roots  and 
gave  results  for  comparison  with  various  other  starches  for  industrial 
uses. 

McDonnell's  methods  of  extraction  were  rather  imperfect  and  there 
were  very  considerable  losses  of  starch  in  the  process.  No  commercial 
development  resulted  from  his  work,  but  his  studies  and- those  of  his 
associates  called  attention  to  the  rather  wide  differences  in  starch 
content  between  varieties  at  digging  time  and  to  the  resulting  dif- 
ferences in  value  of  the  raw  material  for  starch-making  purposes. 

More  recently,  the  Bureau  of  Chemistry  and  Soils  of  the  United 
States  Department  of  Agriculture  has  taken  up  the  problem  of  de- 
veloping efficient  methods  of  manufacture  of  starch  from  the  sweet- 
potato,  and  a  series  of  studies  reported  by  Balch  and  Paine  (7), 
Thurber  (47,  48),  and  Thurber  and  Paine  (49)  have  reported  de- 
velopment of  improvements  in  the  technique  of  manufacture,  which 
combine  a  higher  degree  of  extraction  of  the  starch  from  the  raw 
material  with  satisfactory  methods  of  removal  of  carotinoids  and 
other  impurities  from  the  starch. 

Gore  (11, 12, 13, 14)  devoted  considerable  attention  to  the  develop- 
ment of  a  process  of  making  table  sirup  from  sweetpotatoes  in  which 
the  starch  of  the  potatoes,  after  previous  cooking  and  pulping,  was 
hydrolyzecl  by  malt  extract.  The  process  was  subsequently  found  to 
be  essentially  similar  to  one  upon  which  Charles  Delamarre,  of  New 
Orleans,  had  been  granted  United  States  Patent  No.  109991  in  1870. 
In  later  work  Gore  (13)  found  that  the  addition  of  malt  or  malt 
extract  to  the  pulped  potatoes  was  unnecessary,  since  sweetpotatoes 
are  so  rich  in  diastase  that  practically  all  the  starch  is  converted 
into  dextrin  and  maltose  during  slow  cooking.  This  confirmed  the 
results  reported  by  Magoon  and  Culpepper  (31)  from  their  studies 
of  the  changes  occurring  in  canning,  and  has  recently  been  again 
confirmed  by  Shuey  (1$).  Costs  of  manufacture  of  Gore's  sirup  as 
compared  with  those  of  making  other  sirups  already  on  the  market 
and  limitations  of  use,  because  of  the  characteristic  taste  of  sweet- 
potato  sirup,  have  thus  far  prevented  any  general  commercial  utili- 
zation of  Gore's  work.  Shuey  has  recently  described  a  method  of 
making  a  jelly  from  sweetpotatoes  (42). 

Mangels  and  Prespott  (33)  prepared  a  sweetpotato  flour  for  use  in 
bread  or  in  the  making  of  pies  by  a  modification  of  the  ''flake"  proc- 
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ess  employed  in  the  making  of  flour  from  white  potatoes.  The 
potatoes  were  cooked  by  steam  under  pressure,  then  pulped,  the  pulp 
was  rapidly  dried  by  spreading  in  a  thin  film  upon  internally  heated 
rotating  drums,  and  the  continuous  sheet  thus  obtained  was  scraped 
off  and  ground  into  flour.  The  workers  were  not  able  to  control 
discoloration  in  the  product,  and  the  yields  from  the  raw  stock  were 
low.  The  potatoes  employed  in  their  experiments  had  been  cured 
prior  to  use,  hence  were  high  in  dextrin,  and  the  flour  was  so  strongly 
hygroscopic  that  it  could  be  stored  only  in  airtight  containers. 

Magoon  and  Culpepper  (6,  31,  32)  carried  out  rather  compre- 
hensive studies  of  the  canning  quality  of  sweetpotatoes,  employing  44 
varieties  and  strains.  In  the  course  of  their  work  they  investigated 
many  of  the  problems  of  the  physiological  behavior  of  the  root- 
Chemical  analyses,  accompanied  by  canning  tests,  were  made  upon 
the  material  immediately  after  digging  and  also  after  the  usual  cur- 
ing and  storage.  Their  results  showed  very  large  differences  in 
plasticity  of  the  canned  products  made  from  freshly  dug  and  cured 
stock  of  the  same  variety  and  large  varietal  differences  in  such  char- 
acters as  peeling  quality,  percentage  of  waste  in  preparation,  tend- 
ency to  discoloration  and  darkening  on  exposure  to  air,  and  table 
quality  of  the  canned  product  when  made  into  sliced  and  sauteed 
potato,  candied  potato,  or  pie  stock.  The  chemical  studies  accom- 
panying the  cooking  and  canning  tests  showed  in  detail  the  composi- 
tion of  both  raw  and  cooked  stock  of  each  variety  immediately  after 
digging  and  after  curing  and  storage. 

These  workers  considerably  expanded  existing  knowledge  of  the 
physiological  changes  occurring  in  the  roots  during  curing  and  stor- 
age and  in  the  processes  of  cooking  and  canning.  From  the  practical 
viewpoint  they  emphasized  the  fact  that  the  chemical  transformations 
occurring  in  the  roots  during  curing  and  storage  are  so  extensive 
and  profound  that  the  products  made  by  identical  methods  from  the 
same  variety  before  and  after  curing  are  widely  different  in  composi- 
tion and  consequently  in  appearance,  texture,  and  flavor. 

Drying  of  sweetpotatoes  on  a  small  scale  for  household  use  was 
rather  widely  practiced  in  the  Southern  States  prior  to  the  develop- 
ment of  modern  methods  of  storing  the  crop,  and  the  older  literature 
contains  descriptions  of  a  number  of  methods  of  drying  the  roots 
and  employing  the  dried  potatoes  (4,  15,  34,  36) .  Attempts  to  com- 
mercialize dehydrated  products  of  the  potato  have  been  made  at 
various  times,  some  of  which  have  been  described  by  Gore,  Eeese,  and 
Reed  (14)  or  by  Hand  and  Cockerham  (15).  None  of  these  met  with 
any  degree  of  success  in  building  up  a  consumer  demand  or  establish- 
ing a  permanent  industry.  A  number  of  factors  appear  to  have 
contributed  to  this  result.  Among  these,  direct  competition  with 
fresh  potatoes  as  a  result  of  improvement  in  methods  of  storage  and 
distribution,  which  make  the  fresh  product  available  over  most  of 
the  year,  has  played  a  considerable  part,  as  has  the  production  of  a 
canned  product  of  improved  appearance  and  quality.  Factors  in- 
fluencing the  character  and  quality  of  the  dried  product  have  also 
played  a  prominent  if  not  decisive  role  in  the  failure  of  some  of  these 
undertakings  by  making  the  competition  with  fresh  or  canned  sweet- 
potatoes an  unequal  one.  Some  of  these  factors  are  use  of  raw  ma- 
terial of  poor  quality  or  of  varieties  unsuited  to  the  purpose,  failure 
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to  control  discoloration  and  other  undesirable  changes  in  the  material 
during  drying,  hygroscopic  character  and  consequent  perishable 
nature  of  the  product,  requiring  special  forms  of  package,  and  pro- 
duction in  forms  having  only  limited  usefulness  in  cooking. 

Johnson  (M),  working  at  the  Hawaii  Agricultural  Experiment 
Station,  developed  methods  of  drying  sweetpotatoes,  taro,  cassava, 
and  edible  eanna.  His  purpose  was  primarily  the  making  of  flours 
for  use  as  wheat-flour  substitutes,  but  he  also  prepared  a  boiled  and 
sliced  dried  sweetpotato  for  table  use.  Analysis  of  this  product 
showed  11.43  percent  of  moisture,  77.09  of  nitrogen-free  extract,  6.12 
of  crude  protein,  0.55  of  ether  extract,  2.16  of  crude  fiber,  and  2.65 
percent  of  ash,  the  yield  approximating  28  pounds  per  100  pounds 
of  fresh  sweetpotatoes.  Interest  in  Johnson's  work  in  Hawaii  seems 
to  have  declined  with  the  passing  of  the  temporary  shortage  of  wheat- 
flour  supplies  which  was  responsible  for  it. 

METHODS  AND  RESULTS  OF  EXPERIMENTS 

The  purpose  of  the  present  work  was  twofold:  (1)  To  develop  a 
method  for  the  dehydration  of  the  sweetpotato  that  should  yield  a 
product  of  attractive  appearance  and  acceptable  quality,  capable  of 
being  prepared  for  the  table  in  a  variety  of  ways,  and  sufficiently 
resistant  to  atmospheric  conditions  to  permit  storage  and  distribution 
without  special  precautions  against  spoilage,  and  (2)  to  examine 
systematically  all  the  varieties  and  strains  of  the  sweetpotato  obtain- 
able with  respect  to  their  suitability  for  drying  purposes  and  the 
quality  of  the  dehydrated  product  made  from  them. 

The  major  portion  of  the  experimental  work  herein  reported  was 
carried  out  in  1918  to  1923,  concurrently  with  the  work  of  Magoon 
and  Culpepper  upon  the  canning  of  sweetpotatoes  (6',  SI,  32),  and 
in  the  same  laboratory.  The  material  used  was  obtained  from  the 
same  varietal  collection  employed  by  these  workers,  and  in  a  great 
many  instances  portions  of  the  same  lot  were  used  in  the  canning 
and  drying  experiments.  In  consequence,  the  analytical  data  upon 
raw  and  cured  stock  published  by  Magoon  and  Culpepper  apply 
equally  to  the  material  used  in  these  studies,  and  reference  to  their 
figures  will  be  made  where  pertinent. 

In  the  earlier  experimental  work,  attention  was  devoted  primarily 
to  developing  a  method  of  drying  that  would  yield  a  product  of 
satisfactory  appearance  and  table  quality  and  of  nonperishable  char- 
acter under  ordinary  storage  conditions.  The  material  used  for  this 
purpose  was  confined  to  a  few  commercially  important  varieties  which 
were  available  in  quantity  and  which  at  the  same  time  fairly  repre- 
sented the  range  of  variation  to  be  found  in  sweetpotatoes  in  such 
characters  as  color  and  consistency  of  flesh,  flavor,  and  culinary 
quality,  and  susceptibility  to  discoloration  in  cooking.  These  varie- 
ties included  Nancy  Hall,  Porto  Eico,  Big  Stem  Jersey,  Yellow 
Jersey,  Southern  Queen,  Red  Bermuda,  and  Triumph. 

Later,  when  it  was  felt  that  a  satisfactory  general  method  of  pre- 
paring and  drying  the  material  had  been  worked  out,  a  comprehensive 
study  of  all  the  varieties  and  strains  available,  with  special  reference 
to  tLeir  suitability  to  drying  purposes,  was  undertaken.    The  plan 
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of  work  contemplated  preparation  of  the  dry  product  from  each  of 
the  varieties  in  some  quantity  immediately  after  digging  and  also 
after  curing  and  storage  for  various  intervals,  the  storage  of  the 
dried  products  under  a  variety  of  conditions  for  considerable  periods, 
and  the  making  of  comprehensive  tests  of  appearance,  quality,  and 
flavor  of  various  cooked  products  prepared  from  the  material.  The 
tests  were  to  be  continued  over  several  years,  in  order  to  obtain  some 
idea  of  the  extent  to  which  varying  seasonal  conditions  might  affect 
the  behavior  of  the  raw  material  and  the  quality  of  the  products. 

Circumstances  compelled  the  interruption  of  the  work  until  1934, 
at  which  time  material  of  13  important  commercial  varieties  and  9 
unnamed  selections  was  available.  The  earlier  work  upon  methods 
of  preparation  and  drying  was  repeated  and  extended  upon  this 
material,  and  the  earlier  conclusions  as  to  varietal  suitability  were 
rechecked.  The  general  methods  employed  in  the  earlier  and  the 
later  work  were  essentially  the  same,  and  the  results  with  those  varie- 
ties used  throughout  were  so  closely  identical  that  no  hesitation  is 
felt  in  considering  the  two  portions  of  the  work  as  a  whole. 

The  total  number  of  varieties  and  strains  studied  in  the  course  of 
the  work  is  approximately  70.  A  group  of  about  25,  including  all 
the  more  widely  grown  commercial  varieties,  a  few  especially  prom- 
ising recent  introductions,  and  representatives  of  all  the  important 
American  varietal  groups  (46)  was  employed  year  by  year  through- 
out the  work.  A  second  group  consisted  of  less  generally  grown 
minor  varieties  of  fairly  wide  distribution,  some  of  which  are  fairly 
important  in  certain  districts,  and  included  a  number  of  more  or  less 
distinct  strains  derived  from  some  of  the  more  widely  known  or 
standard  varieties.  Work  with  each  of  these  was  continued  long 
enough  to  determine  its  possibilities  for  drying  purposes  as  compared 
with  the  standard  varieties.  An  attempt  was  made  to  secure  as  many 
of  the  distinct  varieties  actually  in  cultivation  as  possible.  The  re- 
sults obtained  with  all  the  named  varieties  and  strains  are  presented 
in  the  subsequent  sections. 

A  third  group  tested  was  made  up  of  unnamed  varieties  and  strains 
of  various  origins,  which  were  included  in  order  to  determine  whether 
they  had  sufficient  promise  to  warrant  introduction.  A  number  of 
these  were  being  employed  by  Culpepper  and  Magoon  (£,  SI)  in 
their  studies  of  canning  quality.  By  far  the  larger  number  of.  the 
unnamed  varieties  were  found  by  the  field  tests  to  be  distinctly  in- 
ferior to  existing  cultivated  varieties  and  were  consequently  dropped 
from  the  collection. 

FORMS  OF  DRIED  PRODUCT  PRODUCED 

At  the  outset  of  the  work,  experimental  lots  of  material  were  pre- 
pared for  drying  in  a  considerable  variety  of  forms,  including  longi- 
tudinal and  transverse  slices  of  various  thicknesses,  halves,  quarters,. 
or  strips  of  various  sizes,  dice  or  cubes,  and  in  a  granulated  or  riced 
form.  Fairly  satisfactory  products  were  ultimately  obtained  in  all 
these  forms,  but  there  were  very  wide  differences  between  the  various 
products  in  the  amount  of  labor  involved  in  their  preparation,  degree 
of  difficulty  encountered  in  controlling  discoloration  in  drying  and 
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absorption  of  moisture  and  deterioration  or  spoilage  in  storage,  and 
in  the  range  of  usefulness  of  the  product  in  preparing  dishes  for 
the  table. 

Comparison  of  the  various  products  with  respect  to  all  these 
factors  led  to  attempts  to  produce  a  satisfactory  product  in  one  of 
two  forms — as  a  granulated  or  riced  sweetpotato  or  as  transverse  or 
longitudinal  slices.  A  granulated  product  of  satisfactory  appearance 
and  flavor  was  produced,  but  the  process  was  more  laborious  than 
the  making  of  slices  or  strips,  the  control  of  discoloration  was  more 
difficult,  the  product  was  bulky  and  rather  strongly  hygroscopic,  re- 
quiring sealed  containers  for  storage,  and  it  could  be  prepared  for 
the  table  in  only  two  or  three  forms.  The  making  of  a  granulated 
product  was  consequently  discontinued  after  the  first  year  or  two  of 
work.  However,  the  methods  employed  and  the  difficulties  en- 
countered in  its  production  are  briefly  described  on  page  17. 

PREPARATION  OF  DEHYDRATED  SWEETPOTATO  IN  SLICE  OR  STRIP 

FORM 

In  all  the  later  work  and  in  the  comparative  studies,  the  material 
was  prepared  for  drying  by  splitting  the  sweetpotato  longi- 
tudinally into  strips  that  were  triangular  in  cross  section  and  about 
two-thirds  to  three-fourths  inch  thick,  or  by  cutting  into  trans- 
verse or  longitudinal  slices  about  one-fourth  inch  in  thickness.  This 
form  of  product  was  decided  upon  chiefly  because  of  the  variety  of 
ways  in  which  it  could  be  prepared  for  the  table. 

WASHING  AND  GRADING 

Practically  all  the  material  used  in  the  work  was  ungraded  stock 
delivered  to  the  laboratory  just  as  it  came  from  the  field.  It  was 
washed  by  emptying  the  sweetpotatoes  from  the  crates  into  a  large 
tank  of  running  water,  agitating  to  loosen  adhering  dirt,  and  com- 
pleting the  cleaning  by  the  use  of  a  brush  when  necessary.  Whether 
grading  for  size  was  necessary  depended  upon  the  variety.  Some 
varieties,  such  as  those  of  the  Jersey  group,  are  sufficiently  uniform 
in  size  and  shape,  and  no  sorting  for  size  was  necessary ;  others,  such 
as  Porto  Eico,  Yellow  Strasburg,  and  Pier  son,  vary  so  much  that 
they  were  graded  into  two  or  three  sizes.  The  decreased  waste  in 
peeling  and  the  greater  uniformity  in  cooking  justified  the  labor  of 
grading  with  such  varieties.  As  a  part  of  the  washing  and  sorting 
process,  the  roots  were  closely  inspected  for  indications  of  disease  or 
decay. 

PEELING 

Several  different  methods  of  peeling  were  used  in  an  attempt  to 
find  one  that  would  combine  rapid  and  effective  removal  of  the  skin 
with  minimum  loss  of  edible  material  while  leaving  the  roots  in  the 
best  condition  for  the  subsequent  treatments.  These  may  be  briefly 
mentioned  and  their  advantages  and  disadvantages  indicated. 

PEELIXG   BY   STEAMIXG  OB   BOILING   IX    WATER 

Magoon  and  Culpepper  (6,  31.  32)  peeled  the  material  used  in  their 
experiments  by  boiling  in  water  or  by  spreading  on  trays  and  ex- 
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posing  to  live  steam  in  a  steam  box,  usually  until  the  sweetpotatoes 
were  completely  cooked,  after  which  the  peels  were  slipped  off  by 
hand.  Their  average  losses  in  peeling  by  this  method  for  36  varieties 
were  13.8  percent  for  freshly  dug  stock  and  18  percent  for  that  previ- 
ously cured  and  stored  for  1  month. 

In  the  present  work,  steaming  for  10  to  15  minutes  or  longer  per- 
mitted ready  removal  of  the  peels  with  little  loss  of  edible  material, 
but  had  the  disadvantage  that  the  sweetpotatoes  were  considerably 
softened,  particularly  at  the  tips,  and  that  much  breaking  and  crush- 
ing occurred  in  the  subsequent  slicing.  The  slices  tended  to  adhere 
in  masses,  making  proper  spreading  on  trays  for  drying  somewhat 
difficult,  and  there  was  considerable  loss  of  material  during  drying  as 
a  result  of  sifting  of  fragments  through  the  trays.  The  crushed, 
ragged  appearance  of  the  dried  product  also  made  it  somewhat  un- 
attractive. It  was  consequently  considered  desirable  to  employ  some 
method  of  peeling  that  would  leave  the  potatoes  firm  until  after  they 
had  been  sliced  and  spread  on  the  trays. 

PEELING  WITH  LYE 

A  2-percent  solution  of  commercial  concentrated  lye  (caustic  soda 
or  caustic  potash)  kept  at  boiling  temperature  was  very  effective 
in  removing  the  peels  when  the  treatment  was  properly  controlled. 
In  these  experiments  the  lye  solution  was  made  up  in  an  enameled 
tank  heated  by  closed  steam  coils  in  the  bottom,  the  size  of  the  tank 
and  the  depth  of  the  solution  being  such  that  actual  boiling  of  the 
liquid  was  not  stopped  when  a  crate  of  sweetpotatoes  was  submerged 
in  the  tank. 

Ordinary  bushel  crates  of  the  collapsible  slat  type  or  galvanized 
wire  baskets  of  like  capacity  provided  with  wooden  tops  to  keep 
the  roots  beneath  the  lye  and  with  handles  to  facilitate  handling 
were  used  as  dipping  vessels.  The  time  required  for  loosening  the 
jDeels  varied  somewhat  with  the  variety  and  was  somewhat  increased 
after  curing  and  storage  as  a  result  of  thickening  of  the  periderm, 
but  was  readily  determined  for  any  particular  lot  by  observing  the 
degree  of  splitting  and  loosening  of  the  skins  occurring  as  the  pota- 
toes were  stirred  by  rotating  the  crate.  As  a  routine  procedure,  sub- 
merging for  10  minutes  gave  very  good  results  for  most  varieties. 
Varieties  having  small  fusiform  or  spindle-shaped  roots,  such  as 
those  of  the  Jersey  group,  required  somewhat  shorter  treatment  than 
large-rooted  varieties,  such  as  Porto  Kico,  Nancy  Hall,  and  Southern 
Queen.  The  potatoes  were  lifted  directly  from  the  lye  bath  into  a 
tank  of  running  water  and  stirred  by  rotating  the  crate  while  a  jet 
of  water  played  upon  them.  This  loosened  and  removed  most  of  the 
peels ;  portions  adhering  could  be  readily  removed  by  hand. 

There  is  practically  no  loss  of  edible  material  when  the  lye-peeling 
process  is  properly  carried  out,  as  the  lye  penetrates  the  storage 
parenchyma  beneath  the  cortex  only  to  the  extent  of  2  or  3  mm.  This 
very  thin  layer  softens  and  gelatinizes,  loosening  the  cortex  and  per- 
mitting it  to  be  slipped  off  bodily. 

This  method  has  the  very  great  advantage  that  sweetpotatoes  of 
irregular  shape  or  those  with  prominent  veins  are  peeled  as  readily 
and  with  as  little  loss  of  flesh  as  those  of  smooth,  uniform  shape. 
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The  use  of  a  knife  to  complete  the  peeling  is  rarely  necessary  with 
good,  freshly  dug  stock.  With  stock  which  has  been  cured  and  held 
in  storage  for  some  time  some  knife  work  is  necessary,  as  the  cortex 
of  the  shriveled  tips  and  that  about  healed  cuts  or  bruises  does  not 
always  loosen  under  lye  treatment.  A  few  varieties  offer  an  addi- 
tional difficulty  because  of  the  presence  of  numerous  lateral  roots  that 
emerge  at  the  bottom  of  more  or  less  pronounced  longitudinal 
grooves.  These-  lateral  roots  hold  strips  of  the  loosened  cortex  in 
place,  requiring  removal  by  hand.  The  variety  Miles  "yam"  was 
quite  troublesome  in  this  respect. 

PEELING  BY  ABRADING  MACHINE 

A  rotary  abrading  or  peeling  machine  of  1 -bushel  capacity  having 
carborundum-lined  sides  and  bottom  was  very  efficient  for  peeling 
sweetpotatoes  of  fairly  uniform  size  and  smooth  spindle  or  fusiform 
shape,  such  as  most  members  of  the  Jersey  group.  These  required 
very  little  hand  trimming  and  there  was  little  loss  of  edible  material. 
With  globular,  irregular  varieties,  such  as  Porto  Rico,  those  having 
pronounced  ribbing,  as  Red  Bermuda  or  Pierson,  or  those  of  long, 
crooked  form,  such  as  Key  West  "yam"  and  Dahomey,  the  removal 
of  peels  was  very  imperfect,  requiring  much  hand  trimming,  and 
there  was  very  considerable  loss  of  edible  material.  Sweetpotatoes 
varying  widely  in  size  could  not  be  peeled  together,  as  the  larger 
ones  forced  the  smaller  ones  against  the  abrasive  surfaces  and  held 
them  there  until  they  were  completely  worn  away.  Loss  in  machine 
peeling  was  somewhat  greater  after  curing  and  storage  and  increased 
slowly  with  length  of  time  in  storage,  chiefly  because  the  peel  was 
less  readily  abraded  after  curing,  and  longer  time  in  the  machine 
was  necessary  to  remove  it. 

LYE   DIPPING   COMBINED   WITH    MACHINE   PEELING 

A  few  experiments  were  made  in  which  dipping  in  boiling  lye  to 
loosen  the  peels  was  followed  by  passing  the  sweetpotatoes  through 
the  abrading  machine  to  remove  them.  These  were  not  wholly  suc- 
cessful, for  when  lye  dipping  was  continued  long  enough  to  loosen 
the  peel  it  tended  to  strip  off  in  large  pieces,  or  almost  entire,  and  to 
mass  together  in  lumps  which  resisted  abrasion  and  choked  the  outlet 
of  the  machine.  Flooding  the  machine  with  water  did  not  wholly 
overcome  the  difficulty,  as  the  gummy  masses  adhered  to  the  sides  and 
bottom  and  were  only  slowly  loosened  and  washed  out.  Reducing  the 
time  in  the  lye  bath  decreased  the  gumminess  of  the  peels,  but  left 
some  areas  still  tightly  attached,  necessitating  hand  trimming  or 
longer  treatment  in  the  machine  with  resulting  increase  in  loss  of 
material.  The  difficulties  met  with  are  inherent  in  the  construction 
of  rotary  peeling  machines,  which  are  designed  to  abrade  firm,  re- 
sistant surfaces  and  which  cannot  satisfactorily  handle  a  cortex  that 
slips  off  bodily  or  is  soft  and  gummy  in  character. 

CHOICE  OF  A   METHOD  OF  PEELING 

It  is  obvious  from  the  foregoing  that  choice  of  a  method  would 
lie  between  lye  peeling  and  the  use  of  an  abrasive  machine  and  might 
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be  decided  in  any  given  case  by  the  character  of  the  stock  to  be  han- 
dled. If  the  sweet-potatoes  to  be  used  were  of  the  smooth  cylindrical 
or  fusiform  type  and  fairly  uniform  in  size,  as  in  most  members  of 
the  Jersey  group,  an  abrasive  machine  might  advantageously  be  used, 
as  the  work  would  be  done  rapidly  with  little  loss  of  edible  material 
and  with  a  relatively  small  amount  of  hand  trimming.  If  varieties 
of  decidedly  irregular  size  and  shape  were  used,  as  in  the  Porto 
Rico,  lye  peeling  would  be  preferable,  for  waste  and  hand  labor 
would  be  held  to  a  minimum  while  all  sizes  and  shapes  of  stock  from 
jumbos  to  strings  would  be  peeled  with  equal  efficiency. 

The  scale  of  the  present  work  has  not  permitted  an  effort  to 
mechanize  the  lye-peeling  process,  but  it  should  be  readily  possible 
to  do  so  by  the  use  of  a  rotary  lye  dipper  of  the  peach-peeler  type  in 
connection  with  a  squirrel-cage  washer  provided  with  brushes  and 
water  sprays.  If  provided  with  an  ample  water  supply  under  pres- 
sure, such  a  washing  device  would  effectively  break  up  and  remove 
the  peels  without  being  subject  to  the  clogging  which  occurred  in  the 
abrading  machine  when  used  to  peel  lye-dipped  stock. 


LOSSES    IN    PEELING    AND    TRIMMING 


Table  1  brings  together  all  the  data  upon  losses  in  peeling  and 
trimming,  both  by  lye  and  machine  methods  and  with  uncured  and 
cured  and  stored  stock  for  39  varieties  and  strains.  In  most  cases  the 
figure  given  is  an  average  obtained  from  a  number  of  lots  of  roots 
from  crops  of  several  years,  hence  includes  stock  varying  rather 
widely  in  condition.  Also,  lots  of  many  varieties  too  small  to  be 
marketable  were  occasionally  included  in  the  samples.  An  attempt 
was  made  to  avoid  inclusion  of  decayed  sweetpotatoes  in  the  peelings 
and  trimmings,  but  this  was  not  always  successful.  Consequently, 
the  figures  may  be  taken  as  fairly  indicative  of  the  range  of  losses 
to  be  expected  when  fairly  sound  field-run  stock,  including  prac- 
tically everything  produced  except  undeveloped  strings,  is  employed. 
It  is  obvious  from  the  data  that  the  amount  of  loss  in  machine  peeling 
is  directly  related  to  the  shape  and  size  of  the  roots  of  the  varied 
and  especially  to  the  degree  of  irregularity — lobing  or  grooving — 
present. 

Table  1. — Losses  in  peeling  ivith  boiling  lye  or  by  abrasive  machine,  immediately 
after  digging  or  after  curing  and  storage,  for  39  varieties  and  strains  of  sweet- 
potatoes 


Variety 


Size  and  form 


Loss  imme- 
diately after 
digging 


Lye 

peeling 


Ma- 
chine 
peeling 


Loss  after  cur- 
ing and  storage 


Lye 

peeling 


Ma- 
chine 
peeling 


Ballinger  Pride- 

Belmont 

Big  Stem  Jersey 

Catawba  Yellow 

Creola 

Dahomey 

86310°— 38 2 


Laree,  fusiform. 

Medium,  fusiform 

Long,  fusiform. 

Small,  peg  top  to  globular.. 
Smooth,  fusiform  to  blocky 
Long,  rootlike... 


Per- 
cent 
19.4 
17.5 
17.8 
21.6 
18.5 
22.6 


Per- 
cent 
23.0 
22.4 
20.2 
.24.0 
23.7 
30.1 


Per- 
cent 
18.6 
16.2 
15.6 
21.0 
17.6 
23.0 


Per- 
cent 
24.1 
23.7 
23.3 
24.9 
21.6 
29.7 
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Table  1. — Losses  in  peeling  tvith  boiling  lye  or  by  abrasive  machine,  immediately 
after  digging  or  after  curing  and  storage,  for  39  varieties  and  strains  of  sweet- 
potatoes — Continued. 


Variety 

Size  and  form 

Loss  imme- 
diately after 
digging 

Loss  after  cur- 
ing and  storage 

Lye 
peeling 

Ma- 
chine 
peeling 

Lye 
peeling 

Ma- 
chine 
peeling 

Large,  peg  top  . 

Per- 
cent 
16.6 
20.0 
19.2 
18.2 
18.8 
18.2 
20.7 
18.4 
18.2 
16.5 

20.  a 

19.0 
18.3 
18.1 
16.7 
19.2 
18.6 
16.6 
19.3 
19.1 
18.5 
23.6 
19.8 
17.9 
17.6. 
19.9 
17.8 
18.3 

17.7 
19.6 
16.9 
18.3 
19.6 

Per- 
cent 
23.1 
23.5 
23.0 
23.4 
23.4 
24.4 
27.0 
22.3 
26.7 
26.  7 
27.9 
27.6 
24.6 
22.6 

"~2L~8~ 
24.1 
20.0 
26.4 
27.3 
26.4 
27-4 
31.4 
23.4 
2L.6 
24.7 
24.7 
23.4 

23.4 
26.4 
19.8 
29.7 
23.6 

Per- 
cent 
18.5 
19.2 
17.6 

18.6 
22.4 
18.8 
20.1 
17.7 
19.4 
18.1 
19.5 
18.9 
18.9 
19.9 
19.3 
21.2 
19.9 
18.9 
17.8 
24.4 
18.6 
18.1 
18.0 
19.0 
18.6 
18.8 

17.6 
20.7 
18.6 
15.1 

Per- 
cent 
26.4 

Earlv  Red  Carolina 

Medium,  smooth,  spindleform 

Small,  fusiform-stringy. 

23.8 

24  1 

Florida  .  ...      .        

Medium,  long  fusiform 

23.2 

Medium,  fusiform       

27  8 

Medium,  irregular  lobed 

26  1 

29  2. 

Gold  Skin 

Small,  smooth,  fusiform. 

23  1 

Haiti  "yarn"  

Large,  irregular,  grooved. 

28.9 

26  4 

Key  West  "yam" 

Large,  cylindrical 

Medium,  globular  ovoid 

30.0 

Mamevita 

22.4 

26  6 

Mullihan  .  

Medium  smooth,  fusiform 

Medium  to  small,  fusiform 

Medium  to  larse,  fusiform 

22.6 

Myers'  Early 

29.5 

22.8 

Old  Time  "yam" 

Medium,  spindle-cylindrical 

Medium  to  large,  fusiform 

25.5 

Norton,.  

26.0 

Pierson 

Large,  ovoid,  deeply  grooved 

Large,  globular,  irregular    ._ 

28.9 

29.3 

Medium,  irregular     . 

28.3 

Purple  "yam"  (Nigger  Choker) 

Red  Bermuda.  

Long,  irregular,  rootlike 

Medium  to  large,  ribbed,  globular. 
Large,  globular,  irregular,  grooved- 
Small,  fusiform,  smooth      .. 

30.3 
24.7 

Red  Brazil 

23.2 

20.6 

Southern  Queen    

Medium,  globular  to  ovoid,  ridged. 
Medium  cylindrical 

25.2 

28.2 

Vineless  Pumpkin  "yam" 

Medium,    smooth,    fusiform    to 
cylindrical. 

Medium,  fusiform  to  ovoid 

Large  oblong  to  fusiform,  grooved. 

Medium,  fusiform  to  globular 

Large,  ovoid-globular,  grooved 

24.4 

24  5 

28  8 

Yellow  Jersey  

22.5 

"iellow  Strasburg 

25.7 

27  7 

INSPECTION  AND  TRIMMING 


The  examination  of  the  sweetpotatoes  during  washing  permitted 
discovery  and  rejection  of  all  badly  decayed  roots;  but  a  further 
close  inspection  of  the  peeled  stock  is  absolutely  necessaryy  as  it  will 
reveal  incipient  stages  of  decay  not  evident  prior  to  peeling.  The 
tips  of  the  roots  should  be  examined  for  any  signs  of  discoloration 
of  the  vascular  bundles  or  other  evidences  of  disease,  and  sweet- 
potatoes  showing  such  indications  should  be  either  radically  trimmed 
or  discarded  entirely.  The  use  of  lye  peeling  helps  in  the  detection 
of  some  cases  of  disease  which  might  otherwise  escape  notice,  as  con- 
tact with  lye  intensifies  the  darkening  of  the  vascular  bundles  in  the 
affected  area. 

SLICING 

The  material  was  prepared  for  drying  chiefly  in  two  forms — as 
slices  cut  transversely  or  longitudinally  about  one-fourth  inch  in 
thickness,  or  by  cutting  the  potato  longitudinally,  as  a  watermelon 
would  be  sliced,  into  triangular  strips  about  three-fourths  inch  in 
thickness,   and  consequently  varying  in   number   with  size  of  the 
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sweetpotato.  The  use  of  a  power-driven  root  chopper  having  a 
series  of  adjustable  knives  set  in  a  rotating  disk  for  slicing  did  not 
prove  satisfactory,  for  while  the  machine  had  large  capacity,  the 
feeding  of  the  sweetpotatoes  to  the  knives  through  a  hopper  resulted 
in  the  production  of  slices  cut  at  various  angles  through  the  root. 
This  detracted  seriously  from  the  appearance  of  the  dry  material, 
and  the  use  of  the  machine  was  abandoned.  Much  of  the  slicing 
was  done  with  a  hand-slicing  machine  designed  for  the  slicing  of 
apples.  The  essential  features  of  the  machine  consisted  of  a  sloping 
bank  of  knives  set  one-fourth  inch  apart  in  a  frame  and  a  sliding 
arm  by  which  the  sweetpotatoes  were  pushed,  one  at  a  time,  through 
the  bank  of  knives.  While  perfectly  satisfactory  within  its  work- 
ing limits,  this  machine  had  the  disadvantages  that  very  large  roots 
had  to  be. cut  up,  as  the  knife  bank  would  not  admit  them,  and  that 
considerable  effort  was  required  to  drive  the  sweetpotatoes  through 
the  knives. 

Some  use  was  also  made  of  a  hand-power  rotary  slicer  having  an 
adjustable  knife  which  permitted  the  cutting  of  slices  of  any  de- 
sired thickness.  As  sweetpotatoes  were  individually  fed  to  this  ma- 
chine, slices  could  be  cut  either  transversely  or  longitudinally,  and 
its  size  permitted  handling  roots  of  any  size.  Transverse  slices  were 
of  uniform  thickness,  but  varied  greatly  in  size,  and  there  were  many 
small  disks  cut  from  the  tips  of  the  roots.  After  the  sweetpotatoes 
had  been  steamed,  the  slices  tended  to  stick  together,  and  there  was 
some  difficulty  in  spreading  them  uniformly  on  the  drying  trays. 
The  varying  size  of  the  slices  also  contributed  to  irregularity  in  the 
rate  of  drying.  The  vascular  bundles  became  more  prominent  dur- 
ing drying  as  a  result  of  the  shrinkage  of  the  storage  parenchyma, 
which  in  some  varieties  left  the  ends  of  the  bundles  standing  in  relief 
upon  the  surface  of  the  transverse  slices.  Finally,  the  wide  variation 
in  size  of  slices  detracted  somewhat  from  the  appearance  of  the  dried 
product,  whether  cut  longitudinally  or  transversely. 

For  these  reasons,  much  of  the  material  in  later  work  was  prepared 
by  cutting  the  sweetpotatoes  longitudinally  into  triangular  strips 
about  three-fourths  inch  in  thickness.  No  satisfactory  machine  for 
cutting  such  strips  rapidly  was  found,  and  the  work  was  consequent- 
ly done  by  hand.  A  little  practice  enabled  an  operator  to  cut  sweet- 
potatoes of  widely  varying  size  into  strips  of  quite  uniform  cross 
section.  Such  strips  had  very  little  tendency  to  adhere  together 
after  cooking,  dried  quite  uniformly  and  somewhat  more  rapidly 
than  slices,  and  presented  a  more  attractive  appearance  when  dry. 

PREVENTION  OF  DISCOLORATION 

Magoon  and  Culpepper  have  given  considerable  attention  to  the 
causes  of  the  discoloration  which  appears  in  most  varieties  of  sweet- 
potatoes on  peeling  and  cooking  and  to  methods  of  preventing  its 
occurrence  in  canning  (6,  table  4,  31,  pp.  13-16),  and  Johnstone 
{26)  has  studied  the  oxidase  system  responsible  for  the  discoloration. 
Magoon  and  Culpepper  found  that  some  degree  of  discoloration  upon 
exposure  to  air  occurred  in  all  the  varieties  studied,  but  that  it  was 
most  pronounced  in  deeply  pigmented  varieties,  such  as  many  mem- 
bers of  the  Spanish  group,  least  evident  in  the  Jersey  group,  and 
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variable  in  amount  in  other  groups.  They  showed  that  the  discolora- 
tion appeared  in  material  exposed  to  the  air  after  autoclaving  for 
1  hour  at  116°  C,  hence  does  not  require  the  presence  of  the  active 
enzyme  for  its  occurrence.  <  They  employed  various  chemical  treat- 
ments, including  dipping  into  acetic,  tartaric,  or  sulphurous  acid 
solution,  or  into  dilute  sodium  chloride,  in  the  attempt  to  control  the 
process.  The  acids  used  were  effective,  but  sufficient  quantities  were 
carried  into  the  canned  product  to  be  detectable  by  taste.  They  were 
able  to  obtain  very  effective  control  without  any  chemical  treatment 
hy  reducing  the  exposure  of  the  material  to  air  after  cooking  by 
prompt  packing  into  cans  and  immediate  sealing  while  the  tempera- 
ture of  the  material  was  at  least  70°. 

In  the  present  work,  discoloration  was  one  of  the  chief  difficulties 
to  be  overcome,  as  even  those  varieties  that  Ma  goon  and  Culpepper 
found  to  be  least  likely  to  become  discolored  became  quite  badly 
darkened  during  drying.  All  the  conditions  necessary  to  efficient 
drying,  such  as  subdivision  of  the  material  into  thin  pieces  of  large 
surface  area,  free  exposure  to  a  large  volume  of  air,  and  the  main- 
tenance of  fairly  high  temperature,  are  such  as  favor  oxidative 
processes.  Varying  the  length  of  the  cooking  period  or  autoclaving 
the  material  at  temperatures  up  to  120°  C.  had  little  or  no  effect  in 
preventing  discoloration,  as  reported  by  Magoon  «and  Culpepper 
(31,  p.  15),  which  indicates  that  the  problem  is  one  of  auto-oxida- 
tion. The  discoloration  at  the  surfaces  of  the  slices  appeared  rather 
promptly  after  the  material  was  placed  in  the  drier,  extending  into 
the  material  along  the  vascular  bundles,  and  spreading  and  deepening 
in  hue  as  the  drying  advanced.  While  this  darkening  largely  dis- 
appeared in  the  processes  of  soaking  and  cooking  the  material,  it 
made  the  dry  product  so  unattractive  in  appearance  that  it  was  nec- 
essary to  find  a  method  which  would  effectively  prevent  darkening 
despite  the  presence  of  optimum  conditions  for  its  occurrence. 

Various  chemical  agents-,  including  sodium  chloride,  chlorine  water, 
low  concentrations  of  the  mineral  acids,  the  commoner  organic  acids, 
and  a  number  of  others  were  tested.  Some  of  them  were  moderately 
effective  in  preserving  unchanged  color,  but  were  objectionable  in 
other  respects,  usually  through  injury  to  flavor  of  the  product. 
Treatment  with  fumes  of  burning  sulphur  or  placing  in  a  solution 
of  potassium  metabisulphite  for  a  few  minutes  prevented  darken- 
ing, but  also  partially  destroyed  the  carotinoids  and  bleached  the 
material  to  an  unattractive  grayish-white  or  yellowish-white  color. 
"When  concentration  and  time  of  treatment  were  reduced  sufficiently 
to  minimize  the  bleaching  effect,  control  of  darkening  became  im- 
perfect. Acetic  acid  and  tartaric  acid  were  effective,  but  only  when 
used  in  such  concentrations  and  for  such  a  length  of  dip  that  the 
product  retained  an  acid  taste  when  prepared  for  the  table.  This 
was  also  true  of  the  mineral  acids. 

Submerging  the  sweetpotatoes  for  a  short  period  in  2-percent 
citric  acid  was  satisfactory  in  all  respects  for  all  varieties  used  in 
this  work.2  A  1-percent  solution  was  effective  for  some  varieties 
not  especially  subject  to  discoloration,  but  not  for  those  most  prone  to 
it  or  for  old  stock  that  had  been  in  storage  for  considerable  periods.    A 

2  The  use  of  citric  acid  in  the  preparation  of  commercial  dehydrated  sweetpotatoes 
•will  necessitate  a  statement  of  its  use  on  the  label  of  the  package.     See  p.  25. 
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2-percent  solution  was  effective  for  all  varieties  under  all  conditions 
of  previous  handling.  It  did  not  appreciably  increase  the  dextriniza- 
tion  of  starch  during  the  cooking  of  the  sweetpotatoes,  nor  did  it 
give  an  acid  taste  to  the  material  when  subsequently  prepared  for  the 
table.  Hence,  treatment  with  2-percent  citric  acid  immediately  after 
peeling  and  slicing  and  prior  to  cooking  was  adopted  as  a  routine 
procedure  in  all  the  later  years  of  the  work.  It  was  found  that 
submerging  the  material  in  the  acid  solution,  which  was  always  used 
cold,  for  3  to  5  minutes  was  quite  as  effective  as  allowing  it  to  remain 
for  longer  periods,  provided  the  sweetpotatoes  were  placed  in  the 
solution  immediately  after  peeling  and  slicing  and  before  superficial 
darkening  had  occurred.  When  darkening  from  exposure  had  al- 
ready occurred,  prolonging  the  time  in  the  acid  bath  would  largely 
or  wholly  restore  the  original  color,  as  the  oxidized  substances  diffused 
out  into  the  solution.  In  such  cases  the  material  might  absorb  enough 
acid  to  affect  the  flavor  when  cooked. 

The  most  effective  method  of  preserving  color  and  at  the  same 
time  guarding  against  too  much  absorption  of  acid  by  the  potatoes 
was  found  to  be  the  use  of  two  vessels  of  acid  solution.  As  rapidly 
as  potatoes  were  washed  and  trimmed  after  peeling  they  were  dropped 
into  a  tank  of  acid  solution  and  allowed  to  remain  usually  3  to  5 
minutes.  They  were  then  lifted  out  and  delivered  to  the  operators 
who  cut  them  into  slices  or  strips,  which  were  dropped  as  rapidly  as 
made  into  a  second  tank  of  acid  solution.  Here  they  were  agitated 
sufficiently  to  separate  the  pieces  and  bring  all  surfaces  into  contact 
with  the  solution,  allowed  to  remain  3  to  5  minutes,  then  dipped  out 
and  spread  directly  upon  the  drying  trays  without  previous  rinsing. 

While  the  acid  solution  was  gradually  reduced  in  strength  by  usey 
it  could  be  used  for  an  entire  day's  work  without  renewal,  and  the 
solutions  from  the  two  tanks  were  sometimes  combined,  after  strain- 
ing to  remove  accumulated  starch  and  broken  bits  of  sweetpotato.  and 
used  for  dipping  peeled  sweetpotatoes  during  a  second  day.  When 
this  was  done  it  was  found  advisable  to  boil  the  solution,  as  the 
dissolved  sugars  and  dextrins  made  it  a  very  favorable  medium  for 
growth  of  various  fermentation  bacteria. 

Throughout  the  process  of  slicing  and  spreading  on  trays,  it  was 
necessary  to  keep  a  close  watch  for  indications  of  disease  or  decay 
which  had  escaped  discovery  while  the  roots  were  entire.  Some 
varieties,  for  example,  Southern  Queen,  Triumph,  and  Miles  "yam," 
are  subject  to  internal  break-down  in  storage,  developing  cavities  of 
visible  size  here  and  there  throughout  the  root  through  solution  of 
cell  contents  and  obliteration  of  cell  walls.  Presence  of  these  cotton- 
white  areas  in  affected  slices  is  readily  detected,  as  are  discolorations 
resulting  from  bruises  or  cuts,  as  the  slices  are  spread.  Such  slices- 
should  be  removed  and  trimmed  or  discarded. 

COOKING 

It  was  necessary  at  the  outset  to  determine  the  method  and  degree 
of  cooking  that  would  give  a  dried  product  of  attractive  appear- 
ance and  satisfactory  culinary  quality.  Various  methods,  including 
cooking  in  boiling  water,  in  an  autoclave  at  various  steam  pressures, 
and  in  flowing  steam  at  205°  to  212°  F.'were  used,  and  the  time 
of  cooking  was  varied  from  that  necessary  to  cook  the  material  com- 
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pletely  to  that  which  sufficed  merely  to  heat  it  through.  Lots  of 
material  subjected  to  these  various  treatments  were  dried,  compared 
for  ajDpearance,  stored  for  periods  of  several  months  to  more  than 
a  year,  prepared  for  the  table,  and  compared  for  appearance,  texture, 
flavor,  and  general  quality,  not  only  with  one  another  but  also  with 
cooked  products  made  from  stored  sweetpotatoes  of  the  same  varieties. 

It  was  apparent  from  these  tests  that  whatever  the  method  of 
cooking  employed  it  should  be  sufficiently  prolonged  to  cook  the 
material  completely.  Complete  cooking  by  any  method  resulted  in 
a  pronounced  intensification  of  color,  due  in  part  to  removal  of  air 
from  the  tissues  and  in  part  to  gelatinization  of  starch  (#),  which 
rendered  the  pieces  somewhat  semitransparent.  The  pieces  readily 
broke  on  pressure,  could  be  pulped  between  the  fingers,  and  the 
texture  and  flavor  was  that  of  completely  cooked  sweetpotatoes. 

Cooking  in  water  had  several  disadvantages  which  early  resulted  in 
its  abandonment.  As  the  sweetpotatoes  were  cut  into  thin  slices  or 
strips  having  a  large  surface  area  in  relation  to  their  mass,  the 
losses  of  solids  by  solution  in  the  cooking  water  was  several  times 
as  rapid  as  those  reported  by  Gore  (12),  whose  studies  dealt  with 
the  losses  occurring  in  the  cooking  of  entire  sweetpotatoes.  Consid- 
erable quantities  of  water  were  absorbed,  so  that  the  time  required 
for  drying  was  increased.  The  material  became  greatly  softened 
during  cooking,  and  much  crumbling  and  breaking  of  slices  occurred 
in  spreading  them  on  the  drying  trays.  Cooking  in  an  autoclave 
under  steam  pressure  minimized  the  absorption  of  water  but  resulted 
in  some  losses  of  solids,  and  the  softening  of  tissues  and  consequent 
breaking  of  slices  and  marring  of  the  appearance  of  the  dried  product 
was  even  greater  than  with  cooking  in  water. 

A  method,  which  was  found  most  satisfactory  in  all  respects,  was 
that  of  cooking  the  material  with  flowing  steam  after  spreading  on 
trays  that  were  subsequently  transferred  to  the  drier.  The  sliced 
sweetpotatoes  were  lifted  directly  from  the  citric-acid  solution,  spread 
as  uniformly  as  possible  to  a  depth  of  %  to  1  inch  upon  trays  made 
of  heavy  galvanized  wire  netting  of  *4-inch  mesh  over  which  a  layer 
of  coarsely  woven  cheesecloth  had  been  tacked  to  prevent  direct  con- 
tact of  the  potatoes  with  the  metal,3  placed  hi  the  steam  box  for  the 
desired  time,  and  transferred  directly  from  it  to  the  drier. 

The  steam  box  used  in  the  work  was  a  heavily  built,  double-walled 
wooden  box,  5  feet  in  height  and  3  feet  in  width  and  depth.  Wooden 
cleats  nailed  horizontally  to  the  inner  walls  4  inches  apart  supported 
a  series  of  10  trays  each  3  by  3  feet  in  size.  The  lower  tray  was 
placed  8  mches  above  the  floor,  and  steam  was  supplied  by  two  per- 
forated pipes  placed  in  this  space,  1  foot  apart,  3  inches  above  the 
floor,  and  extending  from  side  to  side  of  the  box.  The  perforations 
were  directed  obliquely  downward,  so  that  the  jets  of  steam  did  not 
play  directly  upon  the  material. 

The  box  was  provided  with  a  closely  fitting  door  and  with  a  vent 
closed  by  a  sliding  board  in  the  top,  to  aid  quick  replacement  of  the 

s  The  use  of  galvanized  wire  trays  for  steaming  or  drying  sweetpotatoes  is  inadvisable 
unless  some  means  of  effectively  preventing  contact  of  the  material  with  the  metal  is 
employed,  as  such  contact  will  result  in  discoloration  of  the  material.  It  may  he  pre- 
vented by  giving  the  trays  two  or  three  coats  of  some  quick-drying  enamel  of  the  type 
used  upon  automobile  bodies,  stoves,  etc.  The  treatment  should  be  repeated  from  time  to 
time,  in  order  to  cover  any  breaksnhat  may  occur  in  use 
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contained  air  by  steam.  The  top  of  the  box  was  slightly  inclined 
from  front  to  back,  in  order  that  condensation  might  be  collected 
and  carried  down  the  rear  wall  instead  of  dripping  upon  the  trays. 
By  maintaining  a  fairly  rapid  flow  of  steam,  the  box  could  be  brought 
to  an  internal  temperature  of  200°  to  206°  F.  within  2  to  3  minutes 
and  held  within  that  range  as  long  as  desired.  When  heating  up 
was  rapidly  done,  there  was  practically  no  condensation  of  water 
on  the  sweetpotatoes,  which  neither  gained  nor  lost  weight  appreci- 
ably during  the  steaming.  The  trays  were  then  transferred  directly 
to  the  drier,  so  that  the  crushing  and  breakage  inevitable  to  handling 
or  spreading  cooked  material  was  entirely  avoided. 

LENGTH   OF    COOKING  PERIOD   FOR   CURED   AND  UNCURED    SWEETPOTATOES 

Considerable  preliminary  experimentation  made  it  clear  that  the 
most  satisfactory  dried  product  was  obtained  when  the  material  was 
so  completely  cooked  in  flowing  steam  that  pieces  were  palatable  when 
taken  directly  from  the  trays  and  eaten.  To  bring  about  this  con- 
dition in  uncured  sweetpotatoes  required  a  considerably  longer  period 
of  steaming  than  in  cured  stock.  As  a  routine  procedure,  steaming 
periods  of  20  to  30  minutes  for  cured  stock  and  of  35  to  40  minutes  for 
freshly  dug  stock  were  employed  in  the  comparative  studies,  the 
exact  period  varying  slightly  with  the  variety. 

Steaming  from  20  to  25  minutes  at  200°  to  206°  F.  was  sufficient 
completely  to  cook  previously  cured  stock  of  the  soft-fleshed,  moist 
types  of  sweetpotatoes,  such  as  Nancy  Hall,  Porto  Kico,  Creola, 
and  Southern  Queen,  when  cut  into  slices  one-fourth  of  an  inch  or 
strips  three-fourths  of  an  inch  thick  and  spread  upon  trays  to  a  depth 
not  greater  than  1  inch.  With  varieties  of  the  firm-fleshed  dry  types, 
such  as  those  of  the  Jersey  group,  25  to  30  minutes'  steaming  of  cured 
stock  was  necessary  for  complete  cooking.  Cured  material  cooked 
for  these  periods  had  the  appearance  and  flavor  of  completely 
cooked  sweetpotato  when  removed  from  the  steam  box.  After  drying, 
the  slices  were  uniformly  of  a  deepened,  intensified  color,  were  semi- 
transparent,  and  broke  with  a  glasslike  fracture  under  pressure. 
They  were  smooth  by  reason  of  the  presence  of  a  glaze  of  dextrins 
and  sugar  upon  the  surface,  did  not  readily  take  up  moisture  from 
the  atmosphere  but  absorbed  water  rapidly  when  soaked,  and  re- 
quired only  short  cooking  to  prepare  them  for  the  table. 

Uncured  sweetpotatoes  of  the  same  varieties,  prepared  in  the  same 
way,  required  30  to  40  minutes'  steaming  to  cook  them  completely, 
the  firm-fleshed  types  requiring  the  longer  period,  while  30  to  35 
minutes  sufficed  for  the  soft  types.  When  given  these  periods  of 
cooking,  the  steamed  material  still  differed  somewhat  from  that 
made  from  cured  material  in  that  the  intensification  of  color  and 
development  of  semitransparency  was  less  pronounced,  and  that 
these  differences  persisted  when  the  material  had  become  dry. 

When  prepared  for  the  table,  the  product  made  by  identical 
methods  from  the  uncured  stock  was  distinctly  firmer  and  more 
resistant  to  crushing  or  pulping  and  somewhat  less  sweet  in  flavor 
than  that  made  from  cured  stock  of  the  same  variety.  Consumers 
who  prefer  a  fresh  sweetpotato  of  the  firm,  nonmelting  type  would 
probably  choose  such  a  dried  product  in  preference  to  that  made 
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from  cured  stock;  those  preferring  a  sweet,  melting-fleshed  sweet- 
potato  would  find  the  product  from  cured  sweetpotatoes  more  ac- 
ceptable. 

The  reason  for  these  differences  in  character  and  behavior  of  the 
products  from  cured  and  uncured  stock  is  found  in  the  changes  in 
composition  that  sweetpotatoes  undergo  during  curing.  Hasselbring 
and  Hawkins  (##,  &£)  have  shown  that  the  carbohydrate  content  of 
the  freshly  dug  sweetpotato  consists  almost  wholly  of  starch,  there 
being  a  very  low  sugar  content,  and  that  there  is  a  rapid  reduction  in 
starch  and  increase  in  sugars  after  digging.  The  rate  of  this  change  of 
starch  to  sugar  increases  with  increase  in  temperature  up  to  30°  C. 
Culpepper  and  Magoon  (6)  investigated  the  changes  in  carbohydrates 
during  the  curing  process  in  all  the  varieties  used  in  their  work, 
finding  that  the  absolute  amount  of  sucrose  formed  varied  widely 
with  variety,  but  was  always  very  considerable.  They  confirmed 
Gore's  finding  (IS)  that  large  quantities  of  sugar,  chiefly  maltose,  are 
formed  during  the  cooking  of  the  sweetpotato,  and  showed  further 
that  the  greater  sweetness  and  softness  of  the  cured  sweetpotato  after 
cooking  is  due  to  the  fact  that  curing  and  cooking  together  effects  a 
much  greater  transformation  of  starch  into  dextrins,  maltose,  and 
sucrose  than  occurs  in  cooking  alone.  They  pointed  out  the  practical 
bearing  of  these  facts  upon  the  canning  of  sweetpotatoes,  showing 
that  the  canner  might  make  two  products  of  very  different  charac- 
ter— one  of  firm  consistency,  high  in  starch,  and  low  in  sugar,  the 
other  of  soft  consistency,  low  in  starch,  and  high  in  dextrins  and 
sugars — from  the  same  variety  of  sweetpotato  by  canning  a  portion 
of  the  stock  before  and  the  remainder  after  curing. 

Precisely  the  same  possibilities  for  control  of  the  consistency  and 
sweetness  of  the  final  product  are  present  in  drying  as  in  canning, 
through  the  use  of  material  with  and  without  previous  curing.  The 
operator  of  a  drier  should  decide  upon  the  type  of  product  that  will 
be  most  acceptable  to  consumers  and  treat  his  raw  materials  accord- 
ingly. If  he  decides  to  dry  sweetpotatoes  both  before  and  after  cur- 
ing, it  is  essential  that  he  regard  the  two  products  as  entirely  dis- 
tinct and  keep  them  separate  in  the  subsequent  storage  and  handling. 

In  one  group  of  experiments  an  attempt  was  made  to  determine 
whether  the  use  of  a  prolonged  period  of  steaming  with  uncured 
stock  would  result  in  a  dried  product  having  a  consistency  and  char- 
acter, when  prepared  for  the  table,  more  closely  resembling  that  of 
cured  stock.  It  was  hoped  that,  since  the  enzyme  responsible  for 
transformation  of  starch  into  sugar  is  active  during  the  cooking 
process,  prolonged  heating  of  the  material  at  a  temperature  below 
that  which  would  destroy  the  enzyme  might  result  in  a  transforma- 
tion of  starch  somewhat  comparable  in  amount  with  that  which  oc- 
curs in  curing.    This  result  was  not  wholly  realized. 

Holding  the  sliced  material  in  the  steam  box  for  periods  of  1  to 
2  hours  at  temperatures  ranging  from  125°  to  175°  F.  resulted  in 
considerable  dextrinization  of  starch  and  some  increase  in  sweetness, 
but  the  dried  material  when  prepared  for  the  table  had  the  firm  con- 
sistency of  uncured  sweetpotato.  There  was  much  condensation  of 
water  on  the  material,  which  became  water-soaked  and  sticky,  and 
the  dried  product  was  difficult  to  remove  from  the  trays.  Also,  the 
control  of  discoloration  proved  to  be  much  more  difficult  than  in  mate- 
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rial  handled  in  the  usual  way.    As  the  results  did  not  seem  to  justify 
further  work  along  this  line,  the  experiments  were  discontinued. 

PREPARATION    OF    GRANULATED    OR    RICED    SWEETPOTATO 

The  method  for  preparation  of  sweetpotatoes  for  granulating  or  ric- 
ing  was  identical  with  that  followed  with  slices  or  strips  insofar 
as  washing  and  peeling  with  lye  or  by  machine  was  concerned,  but 
differed  radically  in  later  steps.  The  peeled  sweetpotatoes  were  sliced 
or  coarsely  ground  by  passing  through  a  food  chopper,  submerged  in 
2  percent  citric  acid  for  5  minutes,  spread  on  trays,  completely  cooked 
in  flowing  steam,  removed  from  the  trays,  and  immediately  passed 
through  a  pulper  which  reduced  the  hot  material  to  a  pulp  and  forced 
it  through  a  plate  having  numerous  T\-inch  openings.  The  pulp  is- 
sued from  these  openings  in  continuous  strands  that  adhered  together 
without  coalescing,  forming  an  untwisted  rope  that  could  be  drawn 
out  to  considerable  lengths.  These  ropes  of  pulp  were  placed  side  by 
side  upon  trays  and  immediately  placed  in  the  drier.  By  reason  of 
the  fairly  fine  subdivision  of  the  material  and  the  open,  porous 
character  of  the  strands,  drying  was  completed  within  4  or  5  hours. 

Considerable  difficulty  was  encountered  in  preventing  discoloration 
in  the  granulated  sweetpotato.  Dipping  into  citric  acid  was  effective 
only  for  the  surfaces  actually  wetted  by  the  acid,  and  when  material 
was  dipped  in  the  form  of  slices  and  subsequently  ground,  darkening 
on  exposure  to  the  air  occurred  in  the  inner  portions  of  the  pieces 
not  in  contact  with  the  acid.  The  process  of  pulping  incorporated 
so  much  air  into  the  material  that  this  darkening  occurred  quite 
rapidly  and  generally  throughout  the  strands  of  drying  material. 
Cutting  the  sweetpotatoes  into  small  bits  prior  to  dipping  reduced 
the  amount  of  discoloration,  but  it  was  not  entirely  prevented  even 
when  the  sweetpotatoes  were  ground  to  particles  slightly  larger  than 
a  grain  of  wheat  before  dipping. 

Prolonging  the  submersion  of  the  ground  material  in  citric  acid 
to  12  or  15  minutes  gave  good  control  of  color,  but  the  material 
frequently  absorbed  so  much  acid  that  the  taste  when  prepared  for 
the  table  was  affected.  The  ground  sweetpotatoes  became  quite  gum- 
my and  stuck  together  badly  on  the  trays  during  cooking  and  con- 
sequently were  difficult  to  handle  through  the  pulping  machine.  The 
dried  product  was  bulky,  having  10-  to  25-percent  greater  volume 
than  the  stock  from  which  it  was  made,  and  was  strongly  hygro- 
scopic, requiring  sealed  containers  for  prolonged  storage.  Gfrind- 
ing  the  dried  material  to  a  rather  fine  meal  in  a  drug  mill  reduced 
its  bulk  somewhat,  but  the  ground  product  would  readily  absorb 
water  and  cake  as  did  the  flour  made  by  Mangels  and  Prescott  (S3). 

Keducing  the  period  of  cooking  in  steam  to  10  to  12  minutes 
lessened  the  stickiness  of  the  material  and  the  difficulty  in  handling 
through  the  pulper  and  gave  a  product  somewhat  lighter  in  color 
and  less  hygroscopic  than  that  obtained  on  longer  cooking.  It  had 
the  disadvantage  that  in  spite  of  efforts  to  secure  uniform  spreading 
on  the  cooking  trays,  some  portions  of  an  occasional  tray  would  be 
undercooked.  When  prepared  for  the  table,  these  undercooked  por- 
tions absorbed  water  more  slowly  than  the  remainder  and  would  be 
underdone  and  woody  when  the  product  was  served. 
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At  the  outset  of  the  work  it  had  been  felt  that  the  making  of  a 
granulated  product  offered  opportunities  for  the  use  of  small,  ir- 
regular or  rootlike  sweetpotatoes  not  suitable  for  use  in  other  forms. 
Such  material  made  a  product  comparing  very  favorably  with  that 
from  sweetpotatoes  of  marketable  size,  but  yields  of  the  dry  product 
were  lower  because  of  the  larger  percentage  of  waste  in  peeling. 
The  making  of  granulated  potato  seemed  to  have  few  if  any  practical 
possibilities  when  compared  with  the  making  of  slices  or  strips.  Its 
preparation  required  nearly  twice  as  much  labor,  it  was  much  more 
difficult  to  prevent  discoloration  and  to  secure  uniform  cooking,  the 
product  was  bulky  and  required  airtight  containers  for  storage,  and 
it  could  be  used  only  as  a  pie  filler  or  as  a  pulped  or  mashed  sweet- 
potato.  For  these  reasons,  making  of  the  granular  product  was  not 
continued  as  a  routine  procedure  in  the  comparative  studies  of 
varieties. 

DRYING 

TYPES  OF  DRIERS  EMPLOYED 
THE  NATURAL-DRAFT  TUNNEL  EVAPORATOR 

In  all  the  earlier  work,  the  material  was  dried  in  a  prune-tunnel 
evaporator  of  the  type  described  by  Caldwell  (3).  As  the  term 
"tunnel"  evaporator  has  been  loosely  applied  to  a  variety  of  drying 
devices,  some  of  which  are  entirely  devoid  of  the  features  upon  which 
the  efficiency  of  the  tunnel  evaporator  depends,  the  essential  char- 
acters of  the  drier  used  are  stated  herewith.  The  evaporator  con- 
sisted of  three  units  or  chambers  each  20  feet  in  length,  Qy2  feet  in 
height,  and  3  feet  in  width,  placed  side  by  side.  Floors  and  ceilings 
had  an  inclination  from  the  horizontal  of  2  inches  per  foot  of  length, 
so  that  one  end  of  the  tunnels  was  3%  feet  higher  than  the  other. 
Heat  was  supplied  from-  a  coal-burning  furnace  placed  centrally 
beneath  the  lower  end  of  the  tunnels  and  supplied  with  two  lines 
of  pipe  carried  beneath  the  floors  of  the  lateral  tunnels,  to  aid  the 
heating.  Inlets  in  the  wall  of  the  furnace  chamber  admitted  air  from 
outside  the  building,  which  was  warmed  by  passing  over  the  furnace 
and  pipe  before  entering  the  tunnels  through  rectangular  openings 
in  the  floor  at  their  lower  end.  The  opposite,  higher  end  of  the  group 
of  tunnels  was  provided  with  a  ventilating  shaft  2  feet  in  depth,  ex- 
tending across  the  entire  width  of  the  tunnels  and  rising  well  above 
the  roof  of  the  building,  to  secure  draft  regardless  of  outside 
conditions. 

The  trays  of  material  to  be  dried  were  supported  one  above  the 
other  by  a  series  of  wooden  cleats  nailed  4  inches  apart  to  the  side 
walls  of  the  tunnel  parallel  with  floor  and  ceiling.  In  operation, 
trays  of  freshly  prepared  material  were  always  introduced  at  the 
higher  end  of  the  drier,  gradually  pushed  along  by  the  insertion  of 
others  behind  them  as  drying  proceeded,  and  removed  at  the  lower 
end  when  dry.  Since  the  temperature  at  the  upper  end  was  usually 
25°  to  30°  F.  below  that  at  the  lower  end,  this  arrangement  provided 
for  a  moderate  temperature  at  the  outset  of  the  drying  and  a  pro- 
gressive increase  in  temperature  as  the  drying  proceeded.  The  op- 
eration also  was  continuous  in  that  material  might  be  placed  in  the 
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drier  as  prepared,  space  being  made  for  it  by  removal  of  that  which, 
had  become  dry. 

Bather  uniform  distribution  and  fairly  rapid  flow  of  the  heated 
air  throughout  all  levels  of  the  tunnels  was  secured  by  "banking"  or 
offsetting  the  trays.  In  loading  the  lowest  runway,  the  foremost 
tray  was  pushed  down  until  its  edge  projected  1  to  2  inches  beyond 
the  edge  of  the  hot-air  opening  in  the  floor.  The  trays  on  the  sec- 
ond runway  were  so  placed  that  the  edge  of  the  foremost  projected 
about  2  inches  beyond  that  on  the  first  runway,  and  a  similar  arrange- 
ment was  followed  in  loading  the  other  runways.  The  trays  on  each 
runway  were  pushed  tightly  together,  edge  to  edge,  with  the  result 
that  each  tier  of  trays  formed  a  continuous  baffle-plate,  its  lower  end 
projecting  2  inches  farther  over  the  hot-air  intake  than  that  just 
beneath  it,  while  there  was  a  corresponding  free  space  for  exit  of  air 
between  the  tiers  of  trays  at  the  upper  end. 

As  a  result,  the  ascending  column  of  warm  air  was  broken  up  into 
a  series  of  streams  that  were  forced  to  flow  between  tiers  of  trays 
throughout  the  length  of  the  tunnel.  In  consequence,  there  was  a 
rather  uniform  distribution  of  the  heat  supplied  through  all  levels 
of  the  tunnel,  unimpeded  escape  of  moisture-laden  air  into  the  ven- 
tilator, and  a  rate  of  drying  that  was  fairly  uniform  at  the  bottom, 
middle,  and  top  of  the  tunnel  at  any  given  point  in  its  length. 

The  air  taken  into  the  furnace  room  came  directly  from  outside 
the  building,  hence  entered  with  the  temperature  and  moisture  con- 
tent of  the  outside  atmosphere.  As  most  of  the  work  was  done  in 
late  autumn  and  winter,  outside  temperature  and  humidity  varied 
widely.  By  proper  attention  to  the  firing  of  the  furnace  and  to 
adjustment  of  the  air  inlets  to  the  furnace  room  and  those  from  the 
furnace  room  to  the  tunnels,  it  was  possible  to  maintain  any  desired 
temperature  at  the  inlet  end  of  the  tunnel  within  a  range  of  10°  F. 
during  the  drying  of  a  charge,  regardless  of  the  outdoor  conditions. 
No  attempt  was  made  to  control  the  humidity  of  the  air  entering  the 
tunnels.  As  its  temperature  was  usually  increased  by  100°  or  more 
during  its  passage  over  the  furnace  and  heating  coils,  the  air  enter- 
ing the  tunnels  was  always  low  in  relative  humidity  even  when  the 
outside  atmosphere  was  approximately  saturated,  since  the  moisture- 
carrying  capacity  of  air  is  practically  doubled  by  every  increase  of 
27°  in  temperature.  Danger  of  case-hardening  the  material  was 
minimized  by  the  method  of  loading  the  drier,  which  passed  the 
incoming  hot,  dry  air  over  material  that  already  was  partially  dry 
before  permitting  contact  with  frrsh,  water-filled  material. 

THE  FORCED-CIRCULATION  DRIER 

In  the  more  recent  work,  a  steam-heated  chamber  drier  was  em- 
ployed in  which  circulation  of  air  was  maintained  by  a  fan.  The 
apparatus,  built  in  the  laboratory,  consisted  of  a  drying  chamber  6 
feet  in  height,  4%  feet  in  width,  and  3  feet  in  depth,  built  of  fiber- 
board  with  an  inner  lining  of  asbestos  board.  It  was  provided  with 
supports  for  carrying  15  trays  placed  one  above  another  4  inches 
apart,  with  a  space  12  inches  in  depth  below  the  lowest  tray  that 
served  as  an  air-mixing  chamber.  Heat  was  supplied  by  a  radiator 
coil  placed  outside  the  drying  chamber  and  enclosed  by   asbestos 
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board.  A  motor-driven  blowing  fan  placed  outside  the  radiator 
enclosure  and  connected  with  it  by  a  short  section  of  6-inch  pipe  forced 
a  rapid  current  of  air  through  the  radiator  coils  and  into  the  mixing 
chamber  at  the  base  of  the  drying  chamber,  whence  it  rose  through 
the  trays  to  escape  at  the  top,  which  was  left  open  except  for  a, 
covering  of  muslin  to  exclude  dust. 

In  common  with  other  driers  in  which  the  current  of  air  must 
pass  through  a  series  of  trays  of  material  instead  of  flowing  over 
and  between  them,  the  temperature  and  the  rate  of  drying  were  great- 
est at  the  bottom  and  decreased  toward  the  top.  As  the  chamber 
was  4%  feet  in  length,  this  difficulty  was  partially  overcome  by  em- 
ploying trays  3  feet  in  width  and  placing  them  alternately  at  the 
right  and  left  sides  of  the  box.  This  arrangement  brought  about 
approximately  the  effect  upon  the  air  flow  that  is  present  in  the 
tunnel  drier,  as  the  air  currents  were  forced  to  flow  over  and  between 
the  trays  instead  of  passing  upward  through  them.  As  a  consequence 
of  the  rapid  air  movement  produced  by  the  fan,  the  difference  in 
temperature  at  bottom  and  top  of  the  drier  was  usually  not  more 
than  10°  to  12°  F.,  and  it  was  necessary  to  operate  the  drier  at  a 
lower  temperature  at  the  warm-air  inlet  than  in  the  case  of  the  tun- 
nel drier,  to  avoid  rapid  superficial  drying  and  consequent  case- 
hardening  of  fresh  material. 

The  air-inlet  temperatures  used  throughout  the  work  with  this 
drier  ranged  between  150°  and  160°  F.,  but  use  of  these  temperatures 
was  made  possible  only  because  the  drier  was  built  within  the  labora- 
tory and  took  its  air  supply  from  that  of  the  room,  which  was  usually 
warm  and  quite  humid  as  a  result  of  escape  of  steam  from  other 
apparatus  within  it.  But  for  this  fact,  the  use  of  a  humidifying* 
device  or  of  a  considerably  lower  temperature  would  have  been 
necessary. 

Neither  of  the  driers  employed  in  the  work  was  satisfactory  in  the 
efficient  use  of  the  heat  employed,  but  they  were  both  of  the  general 
type  quite  widely  used  in  fruit-drying  operations  and  had  the  merit 
of  simplicity  and  ease  of  control.  The  fact  that  satisfactory  products 
were  made  by  their  use  would  indicate  also  that  the  employment  of 
more  efficient  equipment  would  give  at  least  equally  satisfactory 
results.4 

TEMPERATURES  EMPLOYED  IN  DRYING 

A  fairly  comprehensive  series  of  experiments  was  carried  out  prior 
to  the  beginning  of  the  comparative  studies  upon  varieties,  in  order 
to  determine  the  effect  of  drying  at  various  temperatures  upon  the 
appearance  and  culinary  quality  of  the  product  and  to  ascertain 
whether  there  is  an  optimum  temperature  range  within  which  best 
results  are  secured. 

The  temperatures  employed  ranged  from  those  just  sufficient  to 
prevent  growth  of  organisms  in  the  freshly  prepared  material  up  to 
those  that  produced  caramelization  and  charring  in  material  which 

*  Those  interested  in  a  presentation  of  the  engineering  principles  involved  in  drying  and 
of  The  factors  involved  in  efficiency  of  evaporating  equipment  will  find  these  discussed  in 
papers  by  Christie  and  Ridley  (5),  Cruess  and  his  associates  (7,  8,  9),  Nichols,  Powers* 
Gross,  and  Noel  (87),  Wiegand  (51),  Tiemann  (50),  and  Thelen  (45). 
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was  nearly  dry.  The  results  of  these  experiments  indicated  that 
there  is  a  fairly  wide  temperature  range  within  which  previously 
cooked  sweetpotatoes  may  be  dried  without  much  difference  in  appear- 
ance or  culinary  quality.  When  a  large  lot  of  sweetpotatoes  was 
subdivided  into  portions  that  were  dried  at  various  different  and 
constant  temperatures  between  120°  and  160°  F.  the  dried  products 
were  practically  identical  in  appearance  and  became  indistinguish- 
able in  color,  texture,  and  flavor  when  prepared  for  the  table.  There- 
were  very  considerable  differences  in  the  efficient  use  of  the  heat 
supplied  and  in  the  time  required  for  drying  at  the  various  con- 
stant temperatures,  both  decreasing  together  as  the  temperature  used 
was  increased  up  to  160°  F.  For  temperatures  above  160°,  increase 
in  the  temperature  of  the  air  supplied  did  not  bring  about  further  de- 
crease in  drying  time,  but  usually  increased  the  time  required  to 
bring  the  material  to  a  given  residual  moisture  content.  The  reason 
for  this  result  is  that  the  material  becomes  dry  by  a  process  of 
diffusion  of  water  outward  from  the  interior  of  the  pieces  to  the 
surface,  where  it  is  vaporized  and  lost  to  the  atmosphere.  The  rate 
of  vaporization  of  water  at  the  surface,  other  factors  being  con- 
stant, depends  upon  the  water-absorbing  capacity  of  the  air,  which 
progressively  increases  with  increase  in  temperature.  The  rate  at 
which  water  can  be  supplied  to  the  surface  from  the  interior  of  the 
pieces  of  material  depends  upon  a  large  number  of  factors,  among 
which  may  be  mentioned  the  physical  structure  and  chemical  com- 
position of  the  material  and  its  condition,  whether  living  or  killed, 
and  the  ratio  of  surface  area  to  volume  of  the  individual  pieces. 

So  long  as  the  rate  of  vaporization  of  water  at  the  surface  of  the 
material  does  not  exceed  that  at  which  water  can  diffuse  from  the 
interior,  drying  will  proceed  by  vaporization  from  a  continuous 
film  of  moisture  covering  the  surface.  When  the  rate  of  vaporiza- 
tion at  the  surface  exceeds  that  at  which  renewal  of  the  surface  film 
can  occur,  a  thin  layer  at  the  surface  of  the  material  will  become 
dried  out  and  consequently  will  reduce  the  rate  of  drying  in  a 
fashion  exactly  analogous  with  the  case-hardening  of  green  lumber 
when  subjected  to  excessive  temperatures  in  drying.  It  follows  that 
drying  of  any  material  will  be  most  efficiently  accomplished  by  the 
use  of  temperatures  that  vaporize  water  from  the  surface  at  a  rate 
nearly  equal  to  but  always  slightly  less  than  that  at  which  the  surface 
film  can  be  renewed  by  transfer  of  water  from  the  interior. 

In  practically  all  the  work  with  material  used  in  the  comparative 
varietal  studies,  drying  was  begun  in  air  having  a  temperature  of 
135°  to  150°  F.  and  a  relative  humidity  of  25  to  35  percent.  As  the 
drying  proceeded  the  air  temperature  was  progressively  increased 
and  its  relative  humidity  decreased  so  that  the  process  was  finished 
with  an  air  temperature  of  160°  to  165°  and  a  relative  humidity  of 
12  to  15  percent.  In  the  tunnel  drier,  these  differences  in  beginning 
and  finishing  temperature  and  humidity  are  inherent  in  the  method 
of  operating  the  device.  In  the  forced-draft  chamber  drier,  the  dif- 
ferences in  temperature  in  different  parts  of  the  apparatus  were 
rarely  more  than  10°  to  12°,  and  the  air-inlet  temperatures  were  kept 
between  150°  and  160°.  The  humidity  of  the  entering  air  ranged 
between  15  and  22  percent  and  that  of  the  escaping  air  between  40 
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and  50  percent.  Products  dried  under  these  two  sets  of  conditions 
showed  no  discoverable  differences,  either  in  the  dry  condition  or 
when  prepared  for  the  table. 

From  the  results  of  these  experiments  it  appears  that  there  is  a 
fairly  wide  range  of  drying  temperatures  that  may  be  used  with 
the  sweetpotato  without  injury  to  the  product.  Under  the  conditions 
of  this  work,  160°  to  165°  F.  was  the  upper  limit;  use  of  higher 
temperatures  with  fresh  or  partially  dried  material  produced  the 
case-hardening  effect  already  discussed,  and  temperatures  above  180° 
produced  an  unpleasant  caramelized  or  scorched  flavor  in  the  ma- 
terial when  subsequently  cooked.  The  limiting  factor  upon  the  use 
of  higher  temperatures  in  these  experiments  was,  of  course,  the  ac- 
companying reduction  of  the  relative  humidity  of  the  air;  higher 
temperatures  might  have  been  employed  with  satisfactory  results  if 
a  means  of  humidifying  the  air  had  been  used,  but  this  was  not  done. 

The  lower  limit  of  temperature  that  could  be  employed  without 
injury  to  quality  of  the  product  was  120°  to  130°  F. ;  at  such  tempera- 
tures the  drying  was  unduly  prolonged,  but  color  and  table  quality 
were  satisfactory.  When  drying  was  attempted  below  120°,  the  ma- 
terial showed  a  tendency  to  darken  in  the  interior  of  the  pieces  while 
the  surface  remained  normal  in  color,  and  there  were  cases  in  which 
some  growth  of  organisms  occurred.  Since  the  temperature  of  ma- 
terial from  which  free  evaporation  is  occurring  is  always  consider- 
ably below  that  of  the  surrounding  air,  the  lower  limit  of  temper- 
ature employed  in  drying  must  be  high  enough  to  make  it  impossible 
for  thermophilic  organisms  to  multiply.  In  these  experiments,  an 
air  temperature  of  120°  to  125°  appeared  to  be  the  limit  below  which 
difficulty  with  internal  discoloration,  growth  of  organisms,  and  fer- 
mentation of  sugars  was  frequently  encountered. 

END  POINT  OF  THE  DRYING  PROCESS 

At  the  outset  of  the  work,  lots  of  material  from  a  number  of  vari- 
eties representing  all  the  important  groups  were  dried  to  various  re- 
sidual moisture  contents,  as  determined  by  calculation  from  the  dry 
weights  and  the  known  moisture  content  of  the  material.  These  were 
stored  under  various  conditions  as  to  temperature  and  humidity,  with 
and  without  protection  from  access  of  atmospheric  moisture.  From 
time  to  time  they  were  examined  for  changes  in  appearance  and 
weighed  to  determine  changes  in  moisture  content.  Some  of  the  ma- 
terial so  treated  had  been  completely  cooked,  while  some  lots  had  re- 
ceived shorter  steaming  and  presented  the  opaque  appearance  and 
mottled  whitish-yellow  color  characteristic  of  partially  cooked  dried 
sweetpotatoes.  The  partially  and  completely  cooked  lots  showed 
differences  in  behavior  in  storage  directly  attributable  to  the  differ- 
ence in  thoroughness  of  the  cooking  prior  to  drying. 

In  completely  cooked  material,  various  lots  dried  to  residual  mois- 
ture contents  ranging  between  5  and  15  percent  withstood  storage  in 
nonairtight  containers  in  an  ordinary  storage  room  for  periods  of  8 
months  to  2y2  years  without  permanent  change  in  moisture  content. 
There  was  a  slight  increase  in  weight  during  prolonged  periods  of 
high  humidity,  due  to  absorption  of  water  by  the  varnishlike  film 
of  sugars  and  dextrins  covering  the  pieces,  which  became  somewhat 
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sticky  to  the  touch.  This  was  followed  _  in  periods  of  normally 
dry  atmospheric  conditions  by  gradual  drying  out  and  return  to  the 
original  weight,  without  change  in  color  or  flavor  when  cooked. 
The  amount  of  change  was  small  in  all  these  lots,  but  was  least  in 
those  originally  dried  to  lowest  residual  moisture  content. 

In  lots  with  16-  to  18-percent  moisture  content,  the  absorption  of 
water  during  humid  periods  was  considerably  greater,  the  pieces  of 
material  tended  to  adhere  together  in  masses,  and  subsequent  drying 
out  in  periods  of  low  humidity  was  slow  and  somewhat  incomplete. 
In  lots  having  20  percent  or  more  of  moisture  at  the  outset  of  the 
experiment  there  was  progressive  absorption  of  moisture,  which  re- 
sulted, after  periods  of  6  to  15  months,  in  caking  together  of  the 
entire  mass,  development  of  moldiness,  and  spoilage.  At  the  end  of 
2y2  years  in  a  laboratory  storage  room  kept  at  ordinary  living-room 
temperatures,  all  the  lots  having  original  moisture  contents  of  5  to 
15  percent  were  still  in  good  condition  as  to  color  and  flavor,  with 
weights  varying  from  97  to  106  percent  of  the  original. 

The  lots  having  original  moisture  contents  of  16  to  19  percent  had 
increased  10  to  12.5  percent  in  weight,  but  were  fairly  good  in  color 
and  acceptable  in  quality  when  cooked.  Those  having  moisture  con- 
tents of  20  percent  or  more  at  the  outset  had  developed  mold  and 
spoiled  after  absorption  of  moisture  ranging  from  20  to  35  percent 
of  the  original  weight.  Most  of  this  last  group  had  been  spoiled 
and  discarded  within  the  first  year  of  the  test.  In  the  very  warm, 
humid  conditions  prevailing  in  a  laboratory  in  which  the  air  was 
frequently  saturated  for  considerable  periods  by  escaping  steam,  lots 
of  material  having  more  than  15  percent  moisture  also  progressively 
gained  moisture  to  the  point  at  which  molding  and  spoilage  occurred 
after  periods  of  5  to  9  months. 

Material  that  had  been  only  partially  cooked  and  that  consequently 
retained  considerable  quantities  of  unaltered  starch,  absorbed  water 
from  a  humid  atmosphere  much  more  readily  than  the  completely 
cooked  material,  and  also  gave  it  up  more  slowly  and  incompletely 
during  dry  periods.  Mold  developed  much  more  quickly,  possibly 
by  reason  of  the  lower  concentration  of  dextrins  and  sugars  at  the 
surfaces  of  the  pieces.  All  the  lots  of  partially  cooked  material  hav- 
ing residual  moistures  above  15  percent  retained  most  of  the  absorbed 
water  during  subsequent  dry  periods,  and  ultimately  developed  niold 
after  a  few  months. 

No  fading  of  color  or  alteration  of  odor  or  flavor  occurred  in 
either  completely  or  partially  cooked  material  that  had  less  than 
15  percent  of  residual  moisture,  was  stored  in  nonairtight  containers, 
and  had  been  held  in  an  ordinary  laboratory  storage  room  for  2% 
years.. 

For  these  reasons,  the  material  employed  in  the  comparative  studies 
of  varieties  was  dried  to  a  residual  moisture  content  of  12  to  15 
percent  as  nearly  as  this  could  be  approximated  from  the  fresh 
weight,  the  loss  in  peeling  and  preparing,  and  the  average  solids 
content  of  the  variety,  as  indicated  by  the  data  of  Culpepper  and 
Magoon  (6,  31).  This  moisture  content  was  regarded  as  safe  for 
storage  under  any  reasonable  conditions.  Reduction  of  moisture 
content  to  a  very  low  point  did  not  appear  to  add  appreciably  to- 
safety  in  storage,  prolonged  the  drying  time  very  considerably,  and 
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had  the  positive  disadvantage  that  the  material  would  subsequently 
absorb  water  rather  slowly  when  being  prepared  for  cooking. 

PACKING  AND  STORAGE  OF  THE  DRIED  PRODUCT 

A  rather  wide  variety  of  containers,  ranging  from  airtight  or 
practically  airtight  metal  cans  to  wooden  and  cardboard  boxes,  with 
and  without  waxed  paper  linings,  and  cloth  and  paper  bags  of  vari- 
ous types,  has  been  employed  for  storing  the  dried  material  for 
prolonged  periods  in  ordinary  laboratory  storage  rooms,  heated  or 
unheated,  and  also  in  a  room  chosen  for  the  reason  that  the  high 
humidity  prevailing  much  of  the  time  afforded  conditions  for  very 
severe  tests.  As  a  general  result  of  these  tests  it  was  shown  that  for 
properly  prepared  and  adequately  dried  material,  airtight  contain- 
ers are  not  necessary  if  the  storage  conditions  are  at  all  normal. 

However,  it  was  shown  to  be  indispensable  that  the  container  be 
sufficiently  tight  to  exclude  insects  and  that  it  be  of  such  material 
that  they  cannot  cut  through  it  to  get  at  the  contents.  The  rooms 
used  for  storage  in  these  experiments  also  contained  various  other 
dried  products,  including  apples,  peaches,  berries,  corn,  beans,  peas, 
and  other  vegetables.  The  rooms  occasionally  became  infested  with 
a  variety  of  insects  feeding  upon  such  material,  affording  a  rather 
severe  test  of  the  ability  of  the  containers  used  to  exclude  insects. 
Insofar  as  these  experiments  indicate,  the  insects  usually  attacking 
dried  fruits  are  not  attracted  by  dried  sweetpotatoes,  and  adults  and 
larvae  of  the  common  dried-fruit  pests,  such  as  the  Indian  meal  moth, 
were  practically  never  found  in  sweetpotatoes,  even  in  packages 
they  might  have  entered  without  difficulty.  No  deposition  of  eggs 
of  the  Indian  meal  moth  was  ever  observed  upon  dried  sweetpotatoes 
exposed  in  the  storeroom. 

The  situation  was  very  different  with  respect  to  various  grain  and 
flour  beetles  and  weevils,  which  were  apparently  definitely  attracted 
by  dried  sweetpotatoes  and  infested  any  container  not  tight  enough 
to  keep  them  out.  Since  many  of  these  forms  are  able  to  multiply 
indefinitely  in  dry  material,  infestation  was  usually  equivalent  to 
destruction  of  the  lot  of  material  invaded.  As  some  of  these  insects, 
among  others  the  tobacco  beetle,  the  drug-store  beetle,  and  many 
species  of  weevils,  can  cut  through  paper,  the  use  of  ordinary  paper 
bags  as  containers  almost  invariably  resulted  in  infestation.  Cello- 
phane bags  were  free  of  infestation  if  so  closed  at  top  as  to  prevent 
entrance  through  the  closure. 

The  use  of  wooden  boxes  provided  with  a  lining  of  one  or  two 
layers  of  waxed  paper,  essentially  duplicating  the  package  used  for 
evaporated  apples,  peaches,  and  prunes,  reduced  infestation  to  an 
occasional  package  to  which  the  insects  apparently  gained  access 
between  imperfectly  folded  liners,  as  no  evidence  that  the  paper 
had  been  cut  through  could  be  found.  Compressed  paperboard 
boxes  and  paraffined  paper  cartons,  when  provided  with  closely  fit- 
ting sliptop  or  snap-top  closures,  were  perfectly  satisfactory.  Very 
closely  woven  bags  of  lightweight  muslin  prevented,  weevil  infesta- 
tion, as  weevils  do  not  cut  through  cloth,  but  an  occasional  bag  was 
invaded  by  tobacco  or  drug-store  beetles  or  other  small  forms  which 
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apparently  gained  access  through  faulty  seams  or  imperfect  closures 
rather  than  through  the  meshes  of  the  cloth.  Screw  topped  and 
sliptop  tin  cans  were  ideal  containers  and  were  generally  used  for 
holding  lots  for  long  periods  for  comparative  purposes. 

When  all  factors  are  considered,  paraffined  paper  cartons  or  tin 
cans,  provided  with  sliptops  fitting  tightly  enough  to  exclude  insects 
and  to  remain  in  place  in  handling,  are  preferable  to  other  types  of 
containers  because  they  not  only  exclude  insects  but  also  protect 
the  material  from  dust,  accidental  wetting,  and  the  like.  An  inner 
lining  of  waxed  paper  might  be  used  in  the  case  of  tin  cans,  although 
no  injury  to  the  product  resulted  from  its  omission  in  many  lots 
of  material  stored  for  prolonged  periods  and  under  a  fairly  wide 
range  of  conditions. 

Whatever  the  character  of  the  package  in  which  dehydrated  sweet- 
potatoes  are  offered  to  consumers,  the  label  must  inform  the  pur- 
chaser that  citric  acid  has  been  employed  in  the  preparation  of  the 
material.  It  is  a  requirement  of  the  United  States  Food  and  Drug 
Administration  that  the  addition  to  foodstuffs  of  harmless  substances 
not  normally  expected  by  the  consumer  requires  a  plain  and  con- 
spicuous announcement  of  their  presence  on  the  label. 

YIELD  OF  DRY  PRODUCT  OBTAINED 

All  data  as  to  dry  yields  obtained  in  the  course  of  the  work  with 
39  varieties  and  strains  of  sweetpotatoes  have  been  brought  together 
in  table  2.  For  comparison  with  the  data  on  yields,  the  results  of 
determinations  of  total  solids  content,  both  before  and  after  curing, 
taken  from  the  work  of  Culpepper  and  Magoon  (tf,  pp.  636-637) 
have  been  added  for  all  the  varieties  studied  by  them.  Their  analyses 
were  made  from  material  grown  from  the  same  seed  stocks  and  under 
the  same  soil  and  cultural  conditions,  and  in  part  upon  portions  of 
the  same  lots  of  sweetpotatoes  as  those  here  used,  hence  are  truly 
representative  of  the  material  here  used.  Varieties  for  which  no 
solids  content  data  are  given  were  not  analyzed  by '  Culpepper  and 
Magoon,  and  no  comparable  analyses  have  been  found  for  them  in 
the  literature. 

For  the  present  purpose,  yields  obtained  from  various  lots  of  a 
variety  peeled  by  machine  and  by  means  of  lye  have  been  averaged 
together,  giving  results  intermediate  between  those  which  would  have 
been  obtained  had  the  two  methods  of  treatment  been  averaged  sepa- 
rately. Results  have  been  stated  as  percentages  of  the  gross  weight 
of  sweetpotatoes  prior  to  peeling  and  trimming  and  as  percentages 
of  net  weight  of  peeled,  trimmed  stock.  Comparison  between  these 
two  sets  of  values  brings  out  some  significant  facts.  From  inspection 
of  the  table  it  is  at  once  apparent  that  there  is  no  consistent  relation 
between  yields  as  calculated  on  the  two  bases,  as  low  yields  on  the 
whole-stock  basis  may  occur  with  high  yields  on  the  peeled,  trimmed 
basis,  or  both  may  be  low  or  high  together.  The  reason  is  that  yields 
calculated  on  the  basis  of  peeled,  trimmed  stock  are  determined  bj- 
the  solids  content  of  the  edible  portion  of  the  variety  and  by  that 
factor  alone,  whereas  yields  calculated  on  the  whole-stock  basis  are 
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determined  not  only  by  the  solids  content  but  also  by  such  factors 
as  shape,  size,  and  smoothness  or  roughness  of  form,  which  determine 
the  ratio  of  cortex  to  flesh  and  also  govern  the  amount  of  flesh  that 
will  be  lost  in  peeling. 

Table  2. — Yields  of  dry  product  as  percentages  of  whole  stock  and  of  peeled, 
trimmed  siveetpotatoes  processed  immediately  after  digging  and  after  curing 
and  storage  for  39  varieties  and  strains 


Variety 


Yield  before 
curing 


Whole 
stock 


Peeled, 
trim- 
med 


Yield  after 
curing 


Whole 
stock 


Peeled, 
trim- 
med 


Total  solids 


Before 
curing 


After 
curing 


Ballinger  Pride 

Belmont 

Big  Stem  Jersey.. 

Catawba  Yellow 

Creola.._  

Dahomey 

Dooley 

Early  Red  Carolina 

Early  Carolina 

Florida 

General  Grant  Vineless 

Georgia 

Gros  Grandia 

Gold  Skin 

Haiti  "yam" 

Japanese  "yam" 

Key  West  "yam" 

Mameyita 

Miles  "yam" 

Mullihan 

Myers'  Early 

Nancy  Hall 

Norton 

Old  Time  "yam" 

Pierson 

Porto  Rico 

Pumpkin  "yam" 

Purple  "yam"  (Nigger  Choker) 

Red  Jersey 

Red  Bermuda : 

Red  Brazil 

Southern  Queen 

Triumph 

Vineless  Pumpkin  "yam" 

Vineland  Bush 

White  "yam" 

Yellow  Jersey 

Yellow  Strasburg 

Yellow  "yam" 


Perce 
28. 
27. 
24. 
25. 
22. 
21. 
25. 
24. 
23. 
26. 
28. 


Percent 
32.9 
31.4 
28.5 
31.1 
30.8 
31.1 
33.4 
30.0 
31.3 
34.8 
33.6 
35.5 
27.6 
.29.9 
30.5 
30.5 
31.3 
33.8 
32.1 
33.3 
32.1 
36.0 
36.2 
31.5 
33.3 
29.5 
32.6 
34.8 
29.8 
28.8 
35.2 
33.7 
33.3 
31.1 
29.1 
30.1 
29.1 
35.3 
33.2 


Percent 
27.4 
27.5 
21.5 
26.6 
24.0 
22.6 
26.0 
23.3 
22.9 
26.1 
27.7 
28.0 
23.4 
24.2 
24.9 
25.0 
27.6 
22.4 
25.7 
27.7 
22.7 
23.2 
26.0 
25.5 
26.7 
23.2 
24.1 
26.6 
26.6 
23.8 
27.9 
26.0 
22.1 
24.8 
23.6 
23.5 
22.7 
25.7 
24.6 


Percent 
33.8 
32.2 
28.3 
30.9 
31.1 
32.2 
34.4 
28.9 
30.0 
34.6 
33.1 
36.2 
29.1 
30.3 
32.3 
34.8 
30.9 
28.5 
33.0 
32.9 
32.6 
33.5 
33.5 
30.9 
34.1 
32.2 
32.3 
35.0 
33.4 
31.7 
36.7 
34.2 
33.9 
32.2 
28.3 
30.3 
30.8 
36.2 
32.4 


Percent 
31.22 


Percent 
33.36 


32.26 
34.92 
29.11 
33.11 
32.73 

29.68 
33.28 
31.16 
33.66 
35.85 

35.81 

36.57 

38.29 

37.27 

28.58 
34.61 

29.06 
33.65 

30.58 
31.39 
32.47 

32.43 
34.61 
32.  72 

36.56 

33.95 

35.00 
30.16 
34.04 
37.73 

34.77 
31.88 
35.65 
36.58 

33.90 
33.76 
33.30 
38.28 
33.94 

32.82 
31.60 
32.69 
38.02 
34.64 

29.17 
33.39 

30.48 
37.98 

i  Data  upon  total  solids  quoted  from  analyses  of  Culpepper  and  Magoon  (6). 

The  yields  obtained  from  peeled,  trimmed  stock  range  between 
27.6  and  36.7  percent,  those  of  most  varieties  ranging  between  29  and 
33  percent.  There  is  usually  quite  close  agreement  in  yields  between 
cured  and  uncured  stock  of  a  given  variety,  and  the  yields  obtained 
from  a  variety  from  lot  to  lot  of  material  and  from  year  to  year  also 
varied  within  quite  narrow  limits.  Since  the  yields  from  prepared 
stock  are  so  directly  dependent  upon  the  solids  content  of  the  mate- 
rial, this  would  be  anticipated  from  the  results  of  Culpepper  and 
Magoon  (6).  These  authors  found  that  while  total  solids  ranged 
between  27  and  39  percent  in  the  32  varieties  studied  by  them,  the 
total  solids  content  of  any  given  variety  was  relatively  constant.    A 
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number  of  varieties  studied  by  them,  including  Key  West  "yam." 
Creola.  Porto  Rico,  and  all  the  members  of  the  Jersey  group,  had 
relatively  low  solids  content,  ranging  between  27  and  32  percent: 
a  small  number,  including  Triumph.  Georgia,  and  Purple  "yam" 
(Nigger  Choker),  had  very  high  total  solids,  ranging  between  35  and 
40  percent,  while  the  remaining  varieties  ranged  between  31  and  36 
percent.  Inspection  of  the  data  of  Culpepper  and  Alagoon  (6>,  pp. 
636-637)  indicates  that  this  last  group  might  be  subdivided  into  two. 
of  which  one,  containing  Florida.  Haiti  "yam."  Nancy  Hall.  Pierson. 
Catawba  Yellow.  Vineless  Pumpkin  "yam,"  and  Pumpkin  "yam, 
ranges  between  34  and  36  percent  total  solids,  while  the  other,  made 
up  of  Dahomey,  Dooley,  Mameyita,  Miles  "yam,"  Red  Brazil,  Red 
Bermuda.  Southern  Queen,  and  Yellow  Strasburg.  ranges  between  31 
and  33  percent. 

The  data  of  table  2  show  very  good  agreement  between  yields  from 
peeled,  trimmed  stock  and  total  solids  insofar  as  data  for  the  latter 
are  available.  All  the  members  of  the  Jersey  group  here  used — 
Big  Stem  Jersey.  Gold  Skin,  Yellow  Jersey,  Early  Carolina,  Vine- 
land  Bush,  and  Red  Jersey — gave  relatively  low  yields  from  peeled 
stock,  as  did  Gros  Grandia,  Creola,  Key  West  "yam.''  Old  Time  "yam." 
Red  Bermuda,  White  "yam,"  Catawba  Yellow,  and  a  number  of  un- 
named varieties  and  strains.  Of  the  varieties  that  Culpepper  and 
Magoon  found  to  be  high  in  solids.  Georgia.  Purple  "yarn."  Yellow 
Strasburg,  Florida,  Dooley,  and  Red  Brazil  are  highest  in  yield 
on  the  waste-free  basis,  followed  by  Pierson.  Southern  Queen,  Bal- 
linger  Pride,  Myers'  Early,  Xancy  Hall,  and  Xorton.  The  remain- 
ing varieties  are  intermediate  in  dry  yield,  and  it  may  be  noted  that 
they  include  no  varieties  that  are  either  extremely  high  or  extremely 
low  in  total  solids  insofar  as  data  on  total  solids  contents  are 
available. 

Yields  of  dry  product  computed  on  the  basis  of  whole  stock  used 
do  not  show  any  consistent  relation  to  those  obtained  on  the  waste- 
free  basis  for  the  obvious  reason  that  another  varying  factor,  the 
amount  of  waste  occurring  in  preparation,  is  involved  in  their  deter- 
mination. The  amount  of  this  waste  is  determined  primarily  by 
shape  and  size  of  roots  and  their  degree  of  smoothness,  also  in  some 
degree  by  the  firmness  with  which  the  cortical  tissues  adhere  to  the 
flesh,  a  factor  which  varies  with  variety  and  previous  treatment  of 
the  stock.  In  the  discussion  of  peeling  (p.  6)  it  has  been  pointed  out 
that  waste  is  minimum  in  amount  in  varieties  of  smooth,  uniform 
fusiform  or  globoid-ovate  shape  and  progressively  increases  with  in- 
creasing irregularity  in  shape,  and  especially  with  lobing  or  grooving 
of  the  surface.  While  the  shape  of  roots  is  relatively  constant  and 
characteristic  in  most  varieties,  it  is  affected  within  limits  by  ferti- 
lizer treatments  and  types  of  soil. 

Size  varies  rather  widely  from  year  to  year  under  the  influence  of 
seasonal  conditions,  and  such  changes  affect  the  ratio  of  cortex  to 
flesh  and  consequently  the  amount  of  waste  in  peeling.  The  detailed 
records  of  amount  of  waste  in  peeling  and  size  of  stock  show  for  all 
varieties  clear  evidence  of  generally  operative  effects  of  seasonal  con- 
ditions on  amount  of  waste  in  peeling,  through  their  effect  on  size. 
On  the  whole,  table  2  shows  verv  definite  correlation  between  char- 
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acteristic  varietal  shape  and  size  and  the  amount  of  loss  incidental 
to  preparation  for  drying.  Since  total  solids  content  and  form  of 
roots  vary  independently  in  the  varieties,  all  possible  combinations 
are  found,  and  there  is  consequently  no  correlation  between  waste 
in  peeling  and  dry  yield  computed  as  a  percentage  of  the  weight  of 
whole  stock  used. 

Yields  computed  on  the  whole-stock  basis  range  between  20  and 
29.1  percent.  A  number  of  varieties  are  especially  low,  ranging  be- 
tween 20  and  23.5  percent.  These  include  Creola,  Dahomey,  Early 
Carolina,  Gros  Grandia,  Porto  Rico,  Red  Bermuda,  Vineland  Bush, 
and  Yellow  Jersey.  About  an  equal  number  gave  higher-than-aver- 
age  yields,  ranging  between  26.5  and  29.1  percent ;  these  include 
Ballinger  Pride,  Belmont,  Florida,  Georgia,  General  Grant  Vineless, 
Key  West  "yarn,"  Mullihan,  Norton,  Pierson,  Purple  "yam,"  Red 
Brazil,  and  Southern  Queen.  The  remaining  varieties  gave  yields 
between  23.5  and  26  percent.  Most  of  the  varieties  found  by  Cul- 
pepper and  Magoon  to  be  either  markedly  high  or  markedly  low  in 
total  solids  are  in  a  corresponding  group  with  reference  to  yield  of 
dry  product.  There  are  some  exceptions,  chiefly  varieties  of  high 
solids  content,  such  as  Haiti,  Triumph,  Nancy  Hall,  and  Vineless 
Pumpkin  "yam,"  which  are  not  found  in  the  high-yielding  group, 
obviously  by  reason  of  irregularities  of  shape  which  entail  rather 
high  losses  in  preparation. 

To  summarize  the  preceding  discussion,  it  is  clear  that  except  in 
varieties  of  highly  irregular  and  variable  sha^e  the  yields  of  dry 
product  are  determined  primarily  by  total-solids  content.  In  the 
irregularly  shaped  varieties,  the  yields  of  dry  stock  would  be  some- 
what increased  over  the  averages  shown  in  the  tables  by  the  use  of 
lye  peeling;  for  varieties  which  are  of  such  shape  that  they  are  effi- 
ciently peeled  by  abrasive  machine,  the  gains  in  yield  through  the 
use  of  lye  peeling  are  too  small  to  be  worth  much  consideration. 

COMPARATIVE  STUDIES  OF  THE  DRIED  PRODUCTS 

Some  of  the  factors  that  would  be  of  considerable  practical  im- 
portance in  selection  of  varieties  for  drying  purposes,  such  as  amount 
of  waste  in  preparation,  difficulty  in  controlling  discoloration,  and 
yields,  have  been  discussed  in  some  detail  prior  to  taking  up  the  pres- 
ent topic  for  the  reason  that,  important  as  these  factors  unquestion- 
ably are,  they  are  secondary  to  those  having  to  do  with  the  appear- 
ance and  attractiveness,  especially  the  table  quality  and  appeal  to 
the  palate,  of  the  product.  For  this  reason,  the  products  from  the 
various  varieties  were  assembled  and  judged  as  to  these  qualities  in 
both  dry  and  cooked  form,  entirely  without  reference  to  the  differ- 
ences in  difficulty  of  preparation  or  in  yield  of  product.  The  var- 
ious characters  that  determine  degree  of  attractiveness  and  table 
quality — color  and  general  appearance  of  the  dry  product,  texture 
and  appearance,  flavor,  and  palat ability  in  the  cooked  material — were 
individually  determined  and  scored  for  each  of  the  varieties  by  each 
of  the  judges,  all  of  whom  were  individuals  having  some  familiarity 
with  sweetpotatoes.  The  judges  were  fairly  successful  in  arriving 
at  a  common  basis  for  judging  each  of  the  factors  considered  in  the 
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scoring,  their  differences  of  opinion  arising  chiefly  out  of  differences 
in  individual  preferences  for  flavor  and  consistency  of  the  cooked 
material. 

METHODS  EMPLOYED  IN  PREPARING  MATERIAL  FOR  COMPARISONS 

OF  TABLE  QUALITY 

As  a  preliminary  to  comparative  study  of  quality  in  the  product, 
satisfactory  methods  of  preparing  the  material  for  cooking  and  for 
converting  it  into  forms  ready  for  the  table  had  to  be  worked  out. 
Since  the  product  was  a  new  one,  the  literature  gave  little  assistance. 
It  was  considered  desirable  to  develop  methods  for  use  of  the  ma- 
terial in  as  many  ways  as  possible — as  mashed  or  creamed  sweet- 
potato,  pie  filler,  in  baked  and  candied  forms,  and  as  French  fried 
and  sauteed  sweetpotato.  A  rather  comprehensive  series  of  experi- 
ments covering  all  phases  of  the  preparation  and  cooking  of  dried 
sweetpotatoes  in  all  these  various  forms  was  carried  on  over  several 
seasons  with  a  number  of  representative  varieties,  the  results  being 
checked  against  those  obtained  by  the  use  of  fresh  material  of  the 
same  varieties,  until  it  was  felt  that  satisfactory  methods  of  testing 
the  material  had  been  devised. 

It  seems  unnecessary  to  say  more  of  these  experiments  than  will 
serve  to  indicate  their  scope.  In  the  studies  of  soaking  or  refreshing, 
known  weights  of  dry  material  were  hydrated  for  measured  time 
intervals  in  known  amounts  of  water  at  various  temperatures  from 
that  of  the  room  to  boiling  point,  the  rate  of  water  intake  deter- 
mined, and  the  effects  of  these  treatments  upon  texture  and  flavor  of 
the  finished  product  compared.  In  the  cooking  tests  the  effects  of 
-additions  of  various  quantities  of  sugar,  butter,  and  salt,  of  baking 
at  various  oven  temperatures,  and  the  like,  were  determined.  Kepeti- 
tion  of  the  experiments  with  material  grown  under  varying  seasonal 
conditions  and  subjected  to  various  periods  of  storage  prior  to  drying 
aided  in  determining  the  degree  to  which  conditions  not  under  ex- 
perimental control,  such  as  varietal  characteristics,  seasonal  condi- 
tions, or  treatment  prior  to  drying,  might  affect  the  results. 

It  was  found  as  a  general  result  that  texture,  flavor,  and  table 
quality  could  be  more  accurately  compared  when  the  material  was 
prepared  in  more  simple  forms,  as  baked  and  as  candied  sweet- 
potato.  The  presence  of  the  pastry  in  the  case  of  pies,  of  milk, 
spices,  and  other  ameliorations  in  the  case  of  creamed  sweetpotato, 
and  the  effect  of  frying  in  the  case  of  sauteed  or  French  fried  sweet- 
potato, tended  to  mask  differences  in  flavor.  Consequently,  while  all 
the  varieties  considered  as  having  any  possibilities  for  drying  pur- 
poses have  been  more  or  less  thoroughly  examined  in  all  the  forms 
mentioned,  the  statements  as  to  comparative  quality  are  based  pri- 
marily upon  organoleptic  tests  upon  the  baked  and  candied  material, 
prepared  by  methods  as  closely  standardized  as  it  was  possible  to 
make  them.  It  was  necessary  to  modify  the  method  somewhat  in 
preparing  material  that  had  been  dried  without  curing,  since  such 
material  absorbed  water  more  slowly,  required  somewhat  longer  time 
to  bake,  and,  because  of  its  higher  starch  content  and  lower  sweet- 
ness, required  somewhat  larger  additions  of  sugar  to  give  it  equal 
palatability  when  candied  than  did  material  dried  after  curing. 
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In  preparation  of  the  samples  for  comparison,  the  dry  material 
and  various  additions,  such  as  butter,  sugar,  and  salt,  were  accu- 
rately weighed  and  all  water  added  was  measured.  It  was  apparent 
from  various  experiments  that  the  amounts  of  these  additions  could 
be  considerably  varied  without  appreciably  affecting  the  results. 
Eatings  for  quality  were  very  largely  determined  by  texture  or  con- 
sistency, presence  and  degree  of  starchiness  or  its  absence,  and  char- 
acter and  intensity  of  flavor.  Eepeated  tests  showed  that  none  of 
these  characteristics  were  materially  modified,  much  less  _  obscured, 
by  considerable  variations  in  amount  of  the  various  additions  made 
to  a  given  quantity  of  the  original  dry  material. 

The  general  method  followed  in  the  preparation  of  the  material 
was :  The  dry  material  was  thoroughly  washed  in  cold  water,  placed 
in  a  baking  dish,  covered  with  V/2  times  its  weight  of  cold  water, 
the  cover  placed  upon  the  dish,  and  placed  in  the  oven  at  moderate 
temperature  (325°  to  375°  F.)  for  1  hour  in  the  case  of  material 
cured  previous  to  drying,  or  for  V/2  hours  for  the  uncured  material. 
Additional  water  up  to  a  total  of  twice  the  weight  of  the  material 
was  added  during  the  process.  At  the  end  of  the  period  butter  and 
salt  were  added,  the  oven  adjusted  to  baking  temperature,  and  the 
cooking  continued  for  1%  hours  in  the  case  of  material  dried  after 
curing,  or  for  2  hours  for  uncured  material.  The  material  was  then 
thoroughly  clone  and  could  be  served  as  baked  slices  or  strips.  Ma- 
terial so  treated  was  candied  by  sprinkling  the  slices  with  sugar, 
adding  more  butter,  sprinkling  with  water,  and  returning  to  the 
oven  until  thoroughly  browned. 

For  making  French  fried  or  sauteed  sweetpotato,  the  strips  or 
slices  were  refreshed  in  water  in  the  oven  in  the  manner  described 
and  then  removed,  drained,  and  fried  in  deep  fat  or  in  a  well-greased 
pan,  as  desired.  For  making  a  pie  filler  or  for  serving  as  creamed 
sweetpotato,  the  slices,  after  being  refreshed  in  the  oven,  were  pulped 
with  the  addition  of  milk,  butter,  and  spices,  after  which  the  material 
could  be  made  into  pies  or -returned  to  the  oven  and  browned  for 
serving. 

The  results  of  the  examination  and  grading  of  the  varieties  are 
stated  by  assembling  them  into  groups  or  ranks,  the  members  of 
each  group  having  the  same  general  level  of  excellence,  rather  than 
by  assigning  each  variety  a  numerical  grade  or  score.  This  is  done 
for  several  reasons,  the  most  important  of  which  is  the  fact,  already 
pointed  out,  that  the  raw  material  varied  somewhat  from  year  to 
year  as  a  result  of  seasonal  conditions,  treatment  previous  to  dry- 
ing, and  other  factors  not  under  control,  and  that  the  differences  so 
produced  carried  through  and  affected  the  quality  of  the  final 
product.  This  was  obvious  as  various  lots  of  a  given  variety  were 
studied  from  year  to  year.  The  consequence  was  that  of  a  group 
of  several  varieties,  a  different  one  might  appear  to  be  slightly  su- 
perior to  the  others  in  every  different  year.  Also,  the  factors  upon 
which  the  ratings  for  quality  chiefly  depend  are  matters  of  personal 
preference,  not  subject  to  standardization.  For  these  reasons,  the 
varieties  are  grouped  into  ranks.  The  differences  in  quality  and 
general  desirability  existing  between  the  successive  ranks  are  dis- 
tinct and  unmistakable ;  at  the  same  time  the  latitude  within  the  in- 
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dividual  rank  is  sufficient  to  take  account  of  the  variability  in  ma- 
terial occurring  as  a  result  of  differences  in  conditions  of  growth,  in 
handling  subsequent  to  harvest,  and  other  uncontrollable  factors. 

GRADING    OF    COLOR    AND    APPEARANCE    OF    THE    DRY    MATERIAL- 

The  range  of  colors  presented  by  the  material  in  the  dry  state 
extended  from  ivory  white  through  various  shades  of  yellow  and  of 
yellow  intermixed  with  red  to  deep  orange  or  amber,  with  various 
degrees  of  admixture  of  brown  with  yellow  and  red.  Comparison 
of  the  material  with  the  same  varieties  in  the  fresh  condition  or  in 
canned  form,  or  with  the  color  plates  made  from  canned  material 
which  are  presented  in  the  publication  of  Magoon  and  Culpepper 
(SI),  showed  no  agreement,  for  the  reason  that  all  varieties  show 
an  intensification  of  color  as  compared  with  either  the  fresh  or  the 
canned  material.  A  moderate  degree  of  success  in  matching  the 
colors  of  the  different  varieties  in  the  dry  condition  with  the  color 
plates  of  BAdgway  (38)  was  attained,  and  the  values  are  included 
in  table  3. 

The  judges  were  asked  to  score  the  various  samples  in  the  dry 
condition  on  the  basis  of  uniformity  and  attractiveness  of  color.  It 
was  found  by  comparing  the  results  that  all  the  judges  considered 
the  lighter  colors — dull  white  through  ivory  yellow  and  cream — as 
unattractive,  that  in  the  yellows,  increase  in  depth  and  intensity  of 
the  color  was  considered  increasingly  attractive,  and  that  mixtures 
of  yellow  and  red,  or  pink,  or  yellow  and  orange  were  more  at- 
tractive than  most  of  the  yellows.  Some  of  the  varieties  were  uni- 
form clear  yellow  ranging  in  tint  from  apricot  to  light  cadmium 
or  deep  lemon,  and  these  were  considered  by  most  of  the  judges  as- 
attractive  as  the  yellow  reds.  In  general,  a  dull  color  was  con- 
sidered less  attractive  than  a  bright  one,  and  the  presence  of  brown- 
ing was  regarded  as  diminishing  attractiveness. 
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GENERAL  APPEARANCE  IN  DRY  CONDITION 

Under  this  designation  were  recorded  the  general  impressions 
given  by  factors  other  than  color,  including  degree  of  opacity  or  trans- 
lucency,  uniformity  in  size  and  shape  of  pieces,  of  shrinkage  or  distor- 
tion of  pieces,  of  prominence  of  vascular  bundles,  and  any  other  char- 
acteristics that  might  add  to,  or  detract  from,  the  appearance  of  the 
material.  It  was,  of  course,  necessary  to  differentiate  between  effects  of 
accidental  variations  in  details  of  treatment  of  the  various  samples 
and  features  of  appearance  inherent  in  the  variety,  but  it  is  felt 
that  this  was  successfully  done.  The  results  of  the  examination  and 
grading  of  the  dry  material  are  presented  in  table  3. 

TEXTURE  AND  CONSISTENCY  OF  COOKED  PRODUCT 

Each  of  the  judges,  in  judging  the  cooked  products,  had  a  twofold 
undertaking  involving  a  considerable  degree  of  familiarity  with  the 
fresh  material.  They  were  asked  to  measure  the  flavor  and  quality 
of  the  products  made  from  the  dry  material  against  their  conception 
of  corresponding  products  made  from  fresh  material  of  the  variety, 
to  decide  in  how  far  drying  had  affected  the  quality  of  the  material, 
and  then  to  compare  the  various  dried  products  between  themselves. 
The  ideal  method  of  judging  the  material  would  have  been  to  have 
cooked  samples  of  fresh  material  of  each  variety  for  comparison,  but 
this  was  not  always  possible. 

It  was  not  possible  to  establish  any  single  common  standard  of 
quality  with  which  the  various  lots  might  be  compared.  Some  of  the 
judges  preferred  the  firm,  mildly  sweet  types  of  sweetpotato,  others 
the  moist,  soft,  melting,  highly  sweet  types.  The  material  presented 
the  whole  range  of  differences  in  consistency  and  apparent  sweetness 
to  be  found  in  sweetpotatoes,  and  it  was  consequently  necessary  to 
separate  the  material  into  soft  and  firm  types  and  to  judge  a  given 
variety  by  comparison  with  others  of  its  type.  This  enabled  the 
judges,  despite  their  individual  preferences,  to  evaluate  differences 
in  texture  and  smoothness  of  the  pulped  product,  in  degree  of  disin- 
tegration when  candied  or  sauteed,  in  prominence  of  vascular  bundles, 
and  other  varietal  differences. 

FLAVOR 

Judgments  on  flavor  differed  widely  with  individuals,  but  the'  dif- 
ferences centered  chiefly  between  the  cured  and  uncured  stocks.  The 
products  made  from  uncured  sweetpotatoes  as  a  whole  were  low  in 
sugar  content  and  had  little  distinctive  varietal  flavor,  so  that  it  was 
sometimes  impossible  to  be  certain  of  the  variety  or  even  of  the 
varietal  group  of  a  sample  on  the  basis  of  its  flavor.  After  curing, 
the  increase  in  sweetness  is  accompanied  by  a  rather  pronounced  in- 
tensification of  flavor  which  frequently  enables  one  to  recognize  the 
variety.  Some  preferred  the  products  from  uncured  sweetpotatoes, 
while  others  considered  them  characterless  and  uninviting  as  com- 
pared with  those  from  the  cured  material.  By  separating  the  prod- 
ucts from  cured  and  uncured  stock  and  regarding  them  as  distinctive 
groups,  the  judges  were  enabled  to  reach  essential  agreement  as  to 
the  rank  of  most  varieties  regardless  of  differences  in  their  individual 
preferences. 
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COMPARATIVE    SUITABILITY    OF    VARIETIES    FOR 
DRYING  PURPOSES 

The  rank  of  a  variety  with  respect  to  the  quality  of  the  dried 
product  made  from  it  was  determined  by  averaging  together  the 
detailed  ratings  given  the  dry  material  on  appearance  and  color  and 
those  given  the  dish  made  from  it  on  color  and  degree  of  attractive- 
ness, texture,  palat ability,  and  flavor.  The  general  average  for  each 
variety  was  expressed  in  one  of  the  six  terms — excellent,  very  good, 
good,  fair,  poor,  and  very  poor. 

The  quality  of  the  product,  however,  is  by  no  means  the  only 
factor  considered  in  determining  the  desirability  of  a  variety  as 
material  for  drying  purposes.  Other  factors  having  considerable 
weight  are  the  comparative  ease  or  difficulty  of  preparation,  the  ten- 
dency to  discoloration,  the  amount  of  loss  in  peeling,  the  labor  in- 
volved in  trimming,  and  field  and  storage  characters,  such  as  pro- 
ductiveness, susceptibility  to  disease  in  the  field  or  in  storage,  and 
the  like.  Some  of  these  may  easily  be  of  such  importance  when 
unfavorable  in  character  as  to  make  it  inadvisable  to  attempt  the 
use  of  a  variety  for  drying  purposes  even  though  the  product  made 
from  it  may  be  of  acceptable  character.  For  this  reason  an  attempt 
has  been  made  to  take  into  account  all  the  factors  having  a  bearing 
upon  the  relative  desirability  of  the  different  varieties  for  drying 
purposes  and  to  indicate  them  in  the  statement  of  results  of  grading 
the  dried  products. 

In  pursuance  of  this  plan,  the  varieties  have  been  assembled  into 
two  groups  as  desirable  or  suitable  and  undesirable  or  unsuitable.  In 
assigning  varieties  to  one  or  the  other  group,  all  varieties  that  made 
dried  products  grading  excellent  to  fair  in  appearance  and  table 
quality,  that  were  reasonably  free  from  such  defects  as  undesirable 
shape  or  proneness  to  discoloration,  and  that  also  seemed  sufficiently 
productive  and  resistant  to -common  field  and  storage  diseases  to  have 
possibilities  as  commercial  varieties  were  placed  in  the  group  desig- 
nated as  desirable.  The  varieties  classed  as  undesirable  or  unsuitable 
for  drying  purposes  were  those  yielding  products  very  poor  or  un- 
acceptable in  appearance  and  quality,  those  in  which  the  shape  and 
form  of  the  roots  caused  excessive  loss  in  preparation,  and  those  so 
unproductive  or  so  susceptible  to  disease  as  to  make  their  cultivation 
inadvisable. 

VARIETIES  CONSIDERED  SUITABLE  OR  DESIRABLE 

The  group  considered  desirable  for  drying  purposes  consisted  of  26 
named  varieties.  It  presented  a  rather  wide  range  in  quality,  since 
it  included  all  the  varieties  rated  as  excellent  to  fair  on  the  quality 
of  their  dried  product  and  which  were  at  the  same  time  acceptable 
with  respect  to  productiveness,  disease  resistance,  and  related  factors 
determining  desirability  for  the  grower.  Table  3  contains  data  as  to 
productiveness,  color  of  flesh,  and  color  and  general  appearance  and 
degree  of  attractiveness  of  the  dried  product;  table  4  presents  the 
results  of  grading  of  the  baked  and  candied  products  and  assigns 
each  variety  to  a  comparative  rank  on  the  basis  of  these  results. 
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FIRST  RANK,  OR  EXCELLENT 

All  factors  considered,  Nancy  Hall,  Myers'  Early,  Mullihan,  and 
Mameyita  were  slightly  superior  to  all  others.  They  combine  attrac- 
tive appearance  and  deep  bright  color  in  the  dry  state  with  attrac- 
tive color,  freedom  from  an  objectionable  degree  of  darkening  in 
cooking,  moderately  firm  texture,  freedom  from  toughness  or  starchi- 
ness,  and  outstanding  flavor  when  baked  or  candied.  Myers'  Early 
and  Mullihan  are  believed  to  be  selected  strains  of  Nancy  Hall,  and 
this  is  borne  out  by  the  identity  in  texture,  appearance,  and  quality 
of  dishes  made  from  the  three  varieties.  Mameyita  is  a  comparatively 
recent  introduction  which  has  all  the  desirable  characters  just  enum- 
erated for  Nancy  Hall  and  is  equally  productive  and  reasonably  re- 
sistant to  disease.5 

SECOND  RANK,  OR  VERY  GOOD 

Big  Stem  Jersey,  Yellow  Jersey  (and  the  apparently  identical 
Little  Stem  Jersey),  Yellow  Strasburg,  Porto  Rico,  and  Red  Ber- 
muda make  up  the  second-rank  group,  the  members  of  which  in  most 
respects  very  nearly  equal  those  of  the  first  rank.  Red  Bermuda 
was  somewhat  the  most  attractive  of  all  the  varieties  studied  in  the 
dried  condition  by  reason  of  its  very  uniform,  deep  bright  amber 
color,  but  was  rather  soft  in  texture  and  not  quite  equal  to  the  first- 
rank  varieties  in  flavor.  The  dried  material  of  Yellow  Strasburg 
was  not  especially  attractive,  being  rather  dark  brown,  but  the 
cooked  products  were  very  good  in  color  and  texture  and  excellent 
in  flavor.  Porto  Rico  was  equal  to  the  first-rank  varieties  in  most 
respects,  but  became  somewhat  dark  and  rather  soft  on  baking  or 
candying. 

Yellow  Jersey  had  a  somewhat  brighter  golden-yellow  color  than 
Big  Stem  Jersey,  both  in  the  dried  condition  and  after  preparation 
for  the  table;  both  were  somewhat  firm,  but  were  without  toughness 
or  starchiness  and  had  excellent  flavor.  None  of  the  members  of  the 
group  present  any  especial  difficulties  in  preparation  for  drying  ex- 
cept Porto  Rico,  which  has  a  somewhat  higher  loss  in  peeling  due  to 
irregularities  in  shape. 

THIRD  RANK,  OR  GOOD 

All  the  varieties  placed  in  the  third-rank  group  have  sufficient  at- 
tractiveness in  color  and  appearance  in  the  dry  state  to  make  them 
acceptable  for  consumption,  but  as  a  group  they  are  not  equal  to 
the  second-rank  varieties  in  smoothness  and  fineness  of  texture  when, 
cooked,  and  few  if  any  of  them  are  equal  in  flavor.  The  group  in- 
cludes Red  Jersey  and  the  apparently  identical  Early  Red  Carolina, 
Gold  Skin,  and  Vineland  Bush,  all  of  which  are  members  of  the- 
Jersey  group,  with  Creola,  Dooley,  Key  West  "yam,"  Pumpkin 
"yam,"  Vineless  Pumpkin  "yam,"  and  Japanese  "}^am." 

It  will  be  noted  that  Big  Stem  Jersey  and  Yellow  Jersey  were 
placed  in  the  second-rank  group,  while  four  additional  members  of 
the  Jersey  group  are  placed  in  the  third-rank  group.  The  varieties 
of  the  Jersey  group  have  a  great  many  similarities  in  vine  and  root 
characters,  which  make  the  group  a  very  distinct,  well-marked  one. 
There  is  like  similarity  in  the  dried  products  from  them,  both  in  the 

•Personal  communication  from  J.  H.  Beattie. 
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dried  state  and  when  prepared  for  the  table.  While  differing  some- 
what in  depth  and  quality  of  color  in  the  dried  condition,  Red  Jersey, 
Gold  Skin,  and  Vineland  Bush  were  all  very  attractive  and  compared 
somewhat  favorably  with  Big  Stem  Jersey  and  Yellow  Jersey. 

None  of  the  above  varieties  gave  anv  special  difficulty  in  prepara- 
tion for  drying,  and  none  darkened  objectionably  in  preparation  for 
the  table.  The  baked  and  candied  products  made  from  the  four 
varieties  were  nearly  or  quite  indistinguishable  in  color,  texture, 
and  flavor,  but  were  alike  in  being  too  firm  and  mealy  in  texture, 
and  acceptable  but  not  outstanding  in  palatability  and  flavor.  They 
are  placed  in  a  rank  below  Big  Stem  Jersey  and  Yellow  Jersey  be- 
cause they  are  not  quite  equal  to  these  varieties  in  table  quality. 

Creola  and  Key  West  "yam"  yielded  products  nearly  identical  in 
texture  and  flavor,  that  from  Key  West  "yam"  being  slightly  firmer. 
Both  were  firmer  in  texture  and  not  quite  equal  in  flavor  to  Porto 
Rico  or  Red  Bermuda.  They  were  also  a  little  less  attractive  in  color 
than  these  varieties,  both  in  the  dry  state  and  after  preparation  for 
the  table.  The  four  varieties  are  closely  related,  all  being  of  the 
bush  section  of  the  Spanish  group,  with  many  similarities,  but  Porto 
Rico  and  Red  Bermuda  seem  to  be  slightly  superior  in  nearly  every 
respect  as  material  for  drying  purposes. 

Dooley  and  Pumpkin  "yam"  made  cooked  products  very  similar  in 
quality,  rather  soft  in  texture,  and  somewhat  squashlike  in  flavor. 
Dooley  was  somewhat  more  pleasing  in  color  in  the  dry  state,  but 
the  two  were  equally  attractive  when  prepared  for  the  table.  Vine- 
less  Pumpkin  "yam"  and  Japanese  "yam"  made  products  of  very 
attractive  appearance,  fairly  firm  texture,  and  very  good  flavor. 

FOURTH  RANK,  OR  FAIR 

The  differences  between  the  first  three  groups  are  rather  small, 
and  many  of  them  would  not  be  obvious  on  first  examination  and 
sampling  of  the  material.-  The  gap  between  the  fourth-rank  group 
and  the  preceding  one  is  considerably  greater  than  that  between 
groups  3  and  2  or  between  groups  2  and  1.  The  group  consists  of 
Southern  Queen,  Ballinger  Pride  (which  is  apparently  identical  in 
all  respects  with  Southern  Queen),  Miles  "yam"  (which  appears  to 
be  an  inferior  strain  of  Southern  Queen),  Florida,  Norton,  Red 
Brazil,  and  Triumph. 

Most  of  these  are  less  attractive  in  the  dried  condition  than  the 
members  of  the  last  group  because  of  the  predominance  of  dull  brown 
or  amber  in  their  colors,  although  none  would  be  rejected  on  the  score 
of  color.  Their  defects  are  not  so  much  in  appearance  as  in  the 
quality  of  the  cooked  material.  Southern  Queen  and  the  apparently 
identical  Ballinger  Pride  darken  rather  badly  and  soften  and  lose 
shape  in  cooking,  but  are  fair  to  good  in  flavor.  Miles  "yam"  had 
the  same  defects  in  more  pronounced  degree  and  by  most  of  the 
judges  was  considered  not  equal  in  flavor  to  Southern  Queen.  It  was 
also  less  attractive  in  the  dried  state  because  of  its  dull  brownish- 
yellow  color.  Florida  and  Norton  had  very  good  appearance  when 
dried,  but  darkened  very  considerably  in  cooking.  All  were  too  firm 
and  starchy  if  dried  prior  to  curing,  while  the  cured  material  of 
Florida  was  somewhat  firm  and  tough.  Cured  material  of  Norton 
became  very  soft  and  disintegrated  badly  when  cooked.    All  three 
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had  mild  and  agreeable  but  not  very  pronounced  flavor.  Triumph 
was  more  attractive  in  color  than  Florida  or  Norton  and  underwent 
less  darkening  in  preparation  for  the  table,  but  was  only  fair  in  tex- 
ture and  flavor.  Red  Brazil  was  perhaps  the  most  attractive  of  the 
group  in  the  dried  state,  but  was  firm,  starchy,  and  rather  flavorless 
when  prepared  for  the  table. 

Taken  together,  the  varieties  of  this  group  make  dried  products 
■.sufficiently  attractive  in  color  and  general  appearance  to  be  acceptable 
without  question.  Some  of  them  require  careful  handling  to  prevent 
discoloration  during  preparation,  notably  Southern  Queen,  Florida, 
and  Miles  "yam,"  but  this  could  be  controlled  by  prompt  dipping  and 
adequate  steaming.  None  of  these  varieties  has  inherent  high  quality 
as  a  fresh  sweetpotato,  and  some  of  them  have  defects  of  texture  and 
flavor  that  are  quite  apparent  in  the  dried,  cooked  product.  Conse- 
quently, while  all  of  the  group  are  acceptable,  none  of  them  can  bo 
rated  as  better  than  fair  or  mediocre  in  table  quality.  In  view  of  the 
fact  that  the  first  three  groups  offer  a  choice  of  19  varieties  that  yield 
products  of  equally  good  market  appearance  and  distinctly  higher 
table  quality,  it  is  doubtful  whether  attempts  should  be  made  to 
employ  any  of  this  group  for  making  a  commercial  dried  product. 

VARIETIES  NOT  SUITABLE  OR  PROMISING 

As  one  of  the  purposes  of  this  work  was  the  determination  of  the 
possibilities  as  material  for  drying  purposes  of  as  many  varieties  and 
strains  of  sweetpotato  as  it  was  possible  to  secure,  a  very  considerable* 
amount  of  work  was  done  with  material  shown,  by  the  results  ob- 
tained, to  be  definitely  without  promise.  The  total  number  of  dis- 
tinct varieties  and  strains  so  examined  and  condemned  as  unpromis- 
ing is  about  50.  The  greater  part  of  these  are  unnamed  varieties 
and  strains  of  various  origins  that  were  under  study  in  the  variety 
collection,  but  which  were  shown  by  the  field  tests  to  be  so  lacking  in 
productiveness  or  disease  resistance  or  so  inferior  in  quality  to  exist- 
ing varieties  that  they  have  been  discarded  and  are  probably  no 
longer  in  existence. 

A  considerable  number  were  distinct  named  varieties,  some  of 
which  are  widely  distributed  but  grown  chiefly  for  home  use ;  others 
are  commercial  sorts  in  certain  districts,  and  still  others  are  old 
varieties  now  in  process  of  displacement  by  better  sorts.  Since  these 
varieties  are  in  some  instances  produced  in  considerable  quantities, 
there  is  the  possibility  that  attempts  to  employ  them  for  drying 
purposes  may  be  made.  For  this  reason  it  seems  advisable  to  list 
such  unsuitable  or  unpromising  varieties  as  are  actually  in  cultiva- 
tion, with  a  general  recommendation  that  they  be  avoided  for  drying 
purposes  and  to  indicate  the  reasons  for  such  advice.  This  has  been 
done  in  table  5  insofar  as  the  limitations  of  tabular  arrangement 
permit. 
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It  may  be  noted  that  nearly  all  the  varieties  having  very  pale  or 
^vhite  flesh  that  were  used  in  the  work  are  classed  as  undesirable 
for  the  purpose.  As  a  rule,  sweetpotatoes  having  flesh  nearly  de- 
void of  pigment,  as  ivory,  or  creamy  white,  or  white  mottled  with 
very  pale  yellow,  make  dry  products  that  are  oystershell-like  or 
hornlike  in  color.  Some  darkening  usually  occurs  in  drying  and  is 
rendered  much  more  apparent  by  the  absence  of  color.  Most  of  these 
varieties  darken  very  considerably  in  preparation  for  the  table,  giv- 
ing finished  products  that  have  a  dull  whitish-broAvn  to  olive-brown 
color.  Varieties  that  combine  pale,  unattractive  color  in  the  dried 
condition  with  pronounced  darkening  in  cooking  are  Belmont,  Da- 
homey, Georgia  (possibly  identical  with  Belmont),  General  Grant 
Vineless,  Gros  Grandia,  Purple  "yam"  (Nigger  Choker),  and  White 
"yam."  In  all  of  these  the  dried  material  was  so  lacking  in  attrac- 
tive color  that  it  would  not  be  readily  accepted  by  consumers  if  more 
attractive  material  were  available.  Similar  results  were  obtained 
with  a  number  of  unnamed  introductions  having  white  flesh. 

A  number  of  varieties  are  rather  unpromising,  regardless  of  qual- 
ity, primarily  because  of  irregularities  in  shape  which  make  large 
losses  in  peeling  and  much  hand  labor  in  trimming  unavoidable. 
Examples  are  such  long,  contorted,  rootlike  varieties  as  Purple  "yam" 
(Nigger  Choker),  Gros  Grandia,  Japanese  "yam,"  and  highly  irreg- 
ular, deeply  grooved  varieties,  such  as  Haiti  "yam"  and  Pierson. 
The  additional  cost  of  preparation  and  the  lower  yields  of  dried 
products  from  the  raw  stock  used  would  not  be  justified  unless  the 
variety  were  one  which  combined  exceptionally  high  yield  per  acre 
with  attractive  market  appearance  and  high  quality  of  the  dried 
product.     None  of  the  varieties  just  named  has  these  qualities. 

Work  with  a  number  of  varieties  was  discontinued  because  they 
have  consistently  given  such  low  yields  or  shown  such  a  large  per- 
centage of  very  small  sweetpotatoes  or  strings  that  they  seem  to  have 
no  commercial  possibilities.  Among  these  are  Catawba  White  and 
Catawba  Yellow  (both  of  which  appear  to  be  inferior  strains  of 
Southern  Queen),  Early  Carolina  (apparently  a  much  inferior  strain 
of  Yellow  Jersey),  Gros  Grandia,  General  Grant  Vineless,  White 
"yam,"  and  Vineless  "yam."  Many  of  these  have  already  been  named 
as  having  poor  color  or  discoloring  badly  in  preparation  for  the 
table,  and  none  are  sufficiently  outstanding  in  quality  to  justify  the 
expectation  that  they  would  find  much  favor  with  consumers.   - 

A  few  varieties  were  without  especially  outstanding  faults,  but 
were  consistently  mediocre  in  all  respects.  Old  Time  "yam"  and 
Yellow  "yam"  are  examples.  Both  are  fairly  productive,  not  espe- 
cially subject  to  disease,  and  have  size  and  shape  that  permit  prep- 
aration without  excessive  loss,  but  both  are  unattractive  in  color 
and  appearance  in  the  dry  condition  and  after  preparation  for  the 
table,  and  in  flavor  or  texture  they  have  nothing  to  recommend  them. 

GROUP   RELATIONSHIPS   IN   RELATION   TO    VARIETAL   QUALITY 

The  more  important  American  varieties  of  sweetpotatoes  have  been 
classified  by  Thompson  and  Beattie  (46)  into  eight  groups,  each 
of  which  they  considered  as  distinct  and  readily  differentiated  from 
others  by  characters  of  vine  and  root.  In  the  preceding  discussions 
;and  the  accompanying  tables  varieties  have  been  dealt  with  as  indi- 
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viduals,  with  no  more  than  incidental  reference  to  their  group  rela- 
tionships or  positions  in  any  scheme  of  classification.  It  would  seem 
to  be  of  considerable  interest  to  study  the  varieties  with  respect  to 
their  group  relations,  in  order  to  determine  the  extent  to  which  the 
characters  that  make  a  variety  good,  mediocre,  or  unpromising  for 
a  given  purpose  are  specific  to  the  variety  or  common  to  all  the 
group  of  which  it  is  a  member.  Insofar  as  a  search  of  the  literature 
indicates,  no  one  has  given  very  detailed  consideration  to  this  point. 

In  their  characterizations  of  the  several  groups,  Thompson  and 
Beattie  (4-6)  state  the  consistency,  texture,  and  degree  of  sweetness 
characteristic  of  the  members  of  the  group  when  baked,  but  usually 
make  no  general  statements  as  to  the  flavor  or  quality  of  the  group. 
Such  statements  are  included  in  descriptions  of  the  baked  products 
of  the  individual  varieties.  Magoon  and  Culpepper  (31)  described 
rather  fully  the  quality  of  the  canned  product  of  each  of  the  varieties 
included  in  their  study,  and  evaluated  their  canning  quality  in 
terms  ranging  from  very  good  to  very  poor,  but  did  not  make  any 
comparisons  between  the  groups. 

It  seems  worth  while  to  determine  to  what  extent  good  or  poor 
quality  of  a  variety  may  be  consistent  when  the  results  of  baking,, 
canning,  and  drying  are  compared,  and  also  to  ascertain  to  what  ex- 
tent varieties  of  the  same  group  show  consistent  results  when  treated 
in  this  way.  This  has  been  done  in  table  6,  in  which  the  varieties 
used  have  been  arranged  in  the  groups  and  subgroups  of  the  classifica- 
tion made  by  Thompson  and  Beattie.  There  are  also  given  in  parallel 
columns  the  baking  quality  as  stated  by  these  authors,6  supplemented 
by  the  results  of  further  unpublished  work  by  Beattie,  the  canning 
quality  as  stated  by  Magoon  and  Culpepper  (31),  and  the  results 
of  the  present  study  of  drying  quality.  A  number  of  varieties  used 
in  this  study  and  also  in  the  work  of  Magoon  and  Culpepper,  but 
which  have  not  been  named  or  assigned  to  groups,  are  also  listed. 
In  some  instances  several  strains  of  a  variety  are  included  along  with 
the  variety,  such  as  Ballinger  Pride,  Miles  "yam,*'  Catawba  White, 
and  Catawba  Yellow  with  Southern  Queen,  for  the  reason  that  the 
various  strains  gave  slightly  different  results  or  showed  differences 
in  suitability  for  the  purposes  concerned. 


Table  6.- 


-Ghroup  relationships  in  relation  to  quality  in  dried,  canned,  or  oaked 
sweetpotatoes 


Group 


Quality  for  drying 
purposes 


Quality  when  canned  : 


Quality  when  baked » 


BELMONT  GROUP 


Belmont  section: 
Belmont. 


Vineless  Pumpkin  "yam". 


Old  Time  "yam". 
Yellow  "yam" — 


Poor,  unsuitable.. 
Good,  third  rank- 
Poor,  unsuitable.. 
do 


Poor  to  fair,  medium  soft, 

darkens. 
Good,  very  soft 


Not  used 

Fair,  medium  soft. 


Bunch  section: 
Gros  Grandia. 


.do. 


Poor,  medium  firm,  pro- 
nounced darkening. 


Sweet,  moist,  soft. 

Very  sweet,  moist,  fairly 

firm. 
Very  sweet,  moist,  soft. 
Fairly  sweet,  moist,  firm,. 

good  texture. 

Moist,  poor  in  quality. 


1  After  Magoon  and  Culpepper  (SI). 

*  After  Thompson  and  Beattie  (46),  with  revision  and  expansion  by  J.  H.  Beattie. 


6  The  authors  are  indebted  to  J.  H.  Beattie  for  revising  and  expanding  statements  as  to 
baking  qualities  by  inclusion  of  results  of  studies  made  by  him  subsequent  to  the  publi- 
cation by  Thompson  and  Beattie   (46). 
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Table  6. — Group  relationships  in  relation  to  quality  in  dried,  canned,  or  baked 
sweetpotatoes — Continued 


Group 


SPANISH  GROUP 

Yellow  Spanish  section: 
Pierson 


Quality  for  drying 
purposes 


Quality  when  canned 


Yellow  Strasburg. 
Triumph 


Bermuda  section: 
Red  Bermuda- 


Red  Brazil. 
Porto  Rico. 
Key  West.. 


Creola 

Red  Spanish  section: 
Purple    "yam"    (Nigger 
Choker). 


Dahomey 

FLORIDA   GROUP 

Florida 

General  Grant  Vineless. 


Nancy  Hall. 

Mullihan 

SOUTHERN     QUEEN     GROUP 

White  "yam" 

Southern  Queen 

Miles  "yam" 


Ballinger  Pride. . 
Catawba  White.. 
Catawba  Yellow. 


PUMPKIN   GROUP 

Pumpkin  "yam" 


Norton. 
Dooley. 


JERSEY  GROUP 

Red  Jersey  section1 
Red  Jersey 


Early  Red  Carolina. 
Bush  section: 
Vineland  Bush 


Big  Stem  Jersey  section: 
Big  Stem  Jersey 


Yellow  Jersey  section: 
Yellow  Jersey 


Gold  Skin 

Early  Carolina. 


Poor,  unsuitable.. 

Very  good,  second 

rank. 
Fair,  fourth  rank. 


Very  good,  second 
rank. 

Fair,  fourth  rank 

Very  good,  second 

rank. 
Good,  third  rank 


_do. 


Very    poor,    un- 
suitable. 

Poor,  unsuitable. . 


Fair,  fourth  rank- 
Poor,  unsuitable.. 


Excellent,       first 

rank, 
.—do 


Poor,  unsuitable . 
Fair,  fourth  rank. 
..._do. 


....do 

Poor,  unsuitable. 
..-do.. 


Good,  third  rank. 

Fair,  fourth  rank- 
Good,  third  rank. 


Poor,  medium  firm,  pro- 
nounced darkening. 

Good,  firm,  little  darken- 
ing. 

Fair  to  good,  medium  firm. 


Fair  to  good,  medium 
firm,  pronounced  dark- 
ening. 

—  .do. 


Very  good,  very  soft 

Fair,     soft,     pronounced 

darkening. 
Fair,  very  soft 


Poor,    firm,    pronounced 
darkening. 

Fair,  pronounced  darken 
ing. 


Poor,  medium  firm,  pro- 
nounced darkening. 
do.... 


Very  soft,  good,  little 
darkening. 

Good,  soft,  little  darken- 
ing. 


Fair,  very  soft,  pro- 
nounced darkening. 

Fair,  soft,  pronounced 
darkening. 

do 


Fair,  medium  firm,  pro- 
nounced darkening. 


Very  good,  second 
rank. 


.do. 


Good,  third  rank. 
Poor,  unsuitable. 


Good,  very  soft. 


Not  used 

Good,  soft  to  very  soft. 


Good,  firm,  little  darken- 
ing. 
Good,  firm 


Not  used- 
Good,  firm. 
do 


Very  good,  medium  firm.. 


Fair,  pronounced  darken- 
ing. 


Quality  when  baked 


Moist  to  dry  and  mealy, 
firm,  only  slightly  sweet. 

Sweet,  quite  soft,  moist, 
good  quality. 

Medium  moist  to  dry,  firm, 
fairly  sweet,  fair  quality. 

Dry,  somewhat  mealy, 
firm,  only  slightly  sweet. 

Sweet,  fairly  mealy,  good 
quality. 

Moist,  very  sweet,  excel- 
lent quality. 

Medium  moist,  fine  tex- 
ture, good  quality. 

Sweet,  moist,  fair  quality. 

Very  dry  and  mealy,  only 
slightly  sweet,  poor 
quality. 

Dry,  mealy,  very  sweet, 
only  fair  quality. 


Sweet,  moist,- soft. 

Sweet,  dry,  mealy,  medi- 
um firm,  mottled  yellow- 
white. 

Very  sweet,  moist,  soft, 
excellent  quality. 

Not  listed;  considered  iden- 
tical with  Nancy  Hall- 


Sweet,  dry,  mealy,  fairly 

firm. 
Sweet,  moist,  soft. 

Considered  identical  with 
Southern  Queen. 
Do. 
Do. 
Do. 


Very   sweet,    moist,    soft; 

good    quality    of   moist 

type. 
Very    sweet,    moist,    soft, 

melting,  fair  quality. 
Soft,     sweet,     squashlike; 

good   quality,   of  moist 

type. 


Fairly  sweet,  dry,  mealy, 

firm,  yellow. 
Not  used. 

Sweet,   dry,   mealy,   firm, 
good  quality. 

Do. 


Very  dry,  mealy,  firm,. 
fairly  sweet,  good  qual- 
ity. 

Medium  dry  and  mealy, 
firm,  very  sweet,  good 
quality. 

Not  used. 
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Table  6. — Grotip  relationships  in  relation  to  quality  in  dried,  canned,  or  oaked 
siceetpotatoes — Continued 


Group 

Quality  for  drying 
purposes 

Quality  when  canned 

Quality  when  baked 

UNCLASSIFIED 

Poor,  unsuitable.. 
Excellent,     first 
rank. 

Poor,  unsuitable.. 
Good,  third  rank.. 

Fair,  medium  firm. 
Firm,  rather  poor 

Not  used. 

Mameyita 

Vineless  "yam" 

Very     moist,     moderately 

Fair,     soft,     pronounced 

darkening. 
Poor  to  fair,  soft,  darkens. 

sweet,  deep  yellow,  com- 
pares favorably  with  the 
Porto  Rico  variety. 
Not  used. 

Do. 

Inspection  of  table  6  indicates  that  there  is  a  very  considerable 
degree  of  similarity  in  the  quality  rankings  of  the  several  sweet- 
potato  varieties  belonging  to  any  given  group,  whether  determined  by 
oaking,  canning,  or  drying.  The  Belmont  group  is  characterized 
by  Thompson  and  Beattie  as  one  in  which  the  baked  products  are 
very  sweet,  extremely  moist  to  sirupy,  soft  but  sometimes  coarse 
and  stringy  in  texture,  and  rather  squashlike  in  flavor,  all  of  which 
indicates  absence  of  exceptionally  high  quality  for  baking.  The 
group  contains  only  one  variety  ranked  as  good  for  canning  or 
drying,  the  others  being  termed  fair  to  poor. 

The  members  of  the  Spanish  group  show  a  fairly  wide  range  in 
character  when  baked,  from  slightly  sweet  to  very  sweet,  from  moist 
to  dry  and  mealy,  and  from  soft  to  firm,  the  members  of  the  Bermuda 
section  apparently  being  regarded  by  Thompson  and  Beattie  as  es- 
pecially good  in  quality.  With  two  exceptions,  all  the  Spanish 
group  ranked  fair  to  good  or  very  good  for  canning  purposes,  and 
were  equally  good  for  drying. 

For  both  canning  and  drying  the  members  of  the  Bermuda  section 
stand  somewhat  higher  than  those  of  the  other  sections.  The  vari- 
eties which  gave  poor  and  unsatisfactory  results  when  dried — Pier- 
son,  Purple  "yam,"  and  Dahomey — are  rather  poor  for  all  purposes 
because  of  undesirable  shape,  rather  poor  color,  and  more  pro- 
nounced tendency  to  discoloration  than  is  found  in  the  other  mem- 
bers of  the  Spanish  group.  The  .Florida  group  is  a  small  one,  with 
two  varieties,  Florida  and  General  Grant  Vineless,  which  rank  only 
fair  to  poor  for  all  purposes,  and  a  third,  Nancy  Hall,  which  is  of 
outstanding  good  quality  for  drying,  canning,  or  baking.  This  high 
quality  is  also  possessed  by  the  rather  closely  similar  strains, 
Mullihan  and  Myers'  Early. 

The  Southern  Queen  group  is  made  up  of  White  "yam"  and  South- 
ern Queen,  with  various  more  or  less  distinct  strains  or  subvarieties 
of  Southern  Queen.  All  of  these  are  of  fairly  good  flavor  when 
baked  after  proper  curing  and  storage,  but  the  rather  coarse  texture 
of  the  flesh  and  the  presence  of  considerable  quantities  of  fiber  make 
them  only  fair  as  baked  products.  All  are  rather  mediocre  as 
canned  or  dried  products,  the  strong  tendency  to  discoloration  de- 
tracting from  the  appearance  of  the  material,  while  its  coarse  tex- 
ture and  the  presence  of  fibers  lowers  its  quality.     The  varieties  of 
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the  Pumpkin  group  are  very  much  alike  in  their  moist,  soft  tex- 
ture and  distinctly  sweet,  somewhat  squashlike  flavor  when  baked. 
As  canned  products  they  are  ranked  as  good.  All  made  very  ac- 
ceptable dried  products  graded  as  fair  to  good. 

The  Jersey  group  as  a  whole  stands  somewhat  higher  than  any  of 
the  others  when  the  general  quality  of  its  members  as  baked,  canned,. 
or  dried  products  is  considered.  Their  dry,  firm  texture,  sweetness, 
and  good,  rather  appealing  flavor  give  them  good  to  excellent  quality 
when  baked,  and  these  characters  together  with  good  color  and  com- 
parative freedom  from  tendency  to  discoloration  make  them  good 
for  canning  and  good  to  very  good  for  drying. 

Considerable  additional  study  of  the  quality  of  the  various  va- 
rieties as  fresh  products  and  after  canning  and  drying  will  be  neces- 
sary before  any  final  evaluation  of  their  value  and  usefulness  can 
be  made.  From  the  information  summarized  in  table  6,  it  is  evident 
that  the  varieties  studied  show  a  very  wide  range  in  table  quality,, 
from  excellent  to  very  poor,  and  that  the  quality  of  a  given  variety 
remains  rather  consistently  the  same  whether  it  is  judged  as  a  fresh 
product  or  after  canning  or  drying.  A  variety  which  is  of  poor  qual- 
ity when  fresh  may  be  confidently  expected  to  be  still  poorer  after 
preservation  by  canning  or  drying.  In  some  cases  the  variety  may 
nave  acceptable  texture  and  flavor  and  other  characters,  which  give 
it  good  basic  quality,  but  may  be  made  less  desirable  for  preserving 
purposes  by  size  or  shape  which  makes  its  preparation  difficult  or 
wasteful,  but  it  must  not  be  overlooked  that  like  difficulty  or  waste 
will  accompany  its  use  in  most  forms  as  a  fresh  product.  When 
this  fact  is  given  due  weight,  most  varieties  have  rather  uniform 
quality  as  fresh  and  as  preserved  material. 

It  is  also  clear  that  the  groups  and  subgroups  proposed  by  Thomp- 
son and  Beattie  (46)  show  very  considerable  differences  in  general 
levels  of  quality,  for  the  reason  that  in  most  of  the  groups  the  vari- 
ous members  of  each  are  quite  similar  in  quality.  The  members  of 
the  Jersey  group,  the  Bermuda  section  of  the  Spanish  group,  and 
the  Pumpkin  group  are  rather  consistently  high  in  quality,  in  each 
case  by  reason  of  the  possession  of  desirable  characters  which  are 
present  in  nearly  equal  degree  in  all  the  members  of  the  group. 

In  the  Belmont  and  the  Southern  Queen  groups  there  is  equally 
consistent  poor  or  mediocre  quality  because  of  the  absence  from  all 
members  of  these  groups  of  some  of  the  characters  essential  to  high 
quality.  The  other  varietal  groups,  insofar  as  studied,  appear  to  be 
rather  less  uniform  in  the  quality  of  their  members,  apparently  be- 
cause the  groups  consist  of  varieties  presenting  greater  differences 
in  color,  texture,  and  flavor  of  flesh,  proneness  to  discoloration,  and 
similar  characters. 

Enough  has  been  said  to  direct  attention  to  the  wide  range  of 
difference  in  texture,  palatability,  flavor,  and  other  factors  constitut- 
ing quality  to  be  found  in  the  more  or  less  generally  cultivated  and 
widely  distributed  varieties  of  the  sweetpotato.  In  future  studies  of 
sweetpotatoes  the  desirability  of  increased  attention  to  these  factors 
as  of  equal  importance  with  such  factors  as  productiveness,  freedom 
from  susceptibility  to  disease,  good  keeping  quality,  and  desirable 
shape  and  color  for  market  purposes  should  be  apparent.     If  some 
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attention  is  given  in  the  future  to  the  problem  of  quality,  it  should 
ultimately  be  possible  to  work  out  an  inventory  and  evaluation  of 
existing  varieties  and  gradually  to  eliminate  from  cultivation  those 
that  are  poorest  in  table  quality  and  least  promising  as  material  for 
preservation  by  canning  or  drying. 

DISEASE  RESISTANCE  AS  A  FACTOR  IN  CHOICE  OF  VARIETIES 

Choice  of  varieties  for  drying  purposes  in  any  particular  locality 
will  necessarily  be  restricted  to  those  grown  locally,  which  will  be 
those  that  the  accumulated  experience  of  growers  has  shown  to  have 
-a  sufficient  degree  of  resistance  to  diseases  prevalent  in  the  area  to 
yield  profitable  crops.  When  the  introduction  of  varieties  not  pre- 
viously grown  is  under  consideration,  it  becomes  a  matter  of  con- 
siderable importance  to  know  the  degree  of  resistance  to  disease  they 
have  been  found  to  possess.  Discussion  of  comparative  resistance 
and  susceptibility  to  disease  is  outside  the  province  of  this  circular, 
but  for  the  benefit  of  interested  readers  a  very  brief  summary  of 
the  present  state  of  knowledge  may  be  given.  The  statements 
made  are  derived  from  various  publications  of  Harter  and  his  as- 
sociates (17,  18,  19)  and  particularly  from  the  monograph  in  which 
Harter  and  Weimer  have  assembled  the  results  of  studies  of  these 
diseases  by  themselves  and  others  up  to  1929  (17). 

No  instance  of  complete  immunity  of  any  variety  to  any  one  of  the 
more  important  diseases  is  known.  In  varieties  found  to  have  rather 
high  resistance  to  a  particular  disease,  it  has  been  found  that  the  de- 
gree of  resistance  varies  from  season  to  season  and  from  district  to 
district,  with  the  result  that  generalizations  are  difficult.  Compar- 
ative studies  over  a  long  period  and  under  rather  widely  varied  con- 
ditions have  shown  that  some  of  the  generally  grown  commercial 
varieties  have  a  sufficient  degree  of  resistance  to  the  more  important 
diseases  to  enable  their  successful  cultivation  in  spite  of  the  pres- 
ence of  these  diseases ;  others  are  so  susceptible  that  attempts  to  grow 
them  in  heavily  infested  areas  would  be  disastrous.  Some  of  the 
results  of  comparative  studies  of  susceptibility  to  particular  diseases 
are  as  follows: 

Soil  rot  or  pox  {11). — No  varieties  are  wholly  resistant;  those  with  red  skins 
are  generally  more  resistant  than  those  with  white  or  yellow  skins. 

Fairly  highly  resistant  varieties:  Red  Bermuda,  Red  Brazil,  Dahomey. 

Moderately  resistant :  Pierson,  Southern  Queen,  Yellow  Strasburg,  Red  Jersey, 
Triumph,  Florida,  Yellow  "yam,"  and  White  "yam." 

Very  susceptible :  Big  Stem  Jersey,  Nancy  Hall,  Porto  Rico,  Pumpkin  "yam," 
Dooley,  Yellow  Jersey,  and  General  Grant  Vineless. 

Stem  rot  or  wilt  (19). — Nearly  immune  or  highly  resistant:  White  "yam,"  Red 
Brazil,  Triumph,  Pumpkin  "yam,"  Creola,  Dahomey,  Southern  Queen,  Yellow 
Strasburg,  Haiti  "yam,"  Key  West  "yam." 

Extremely  susceptible:  Yellow  Jersey,  Big  Stem  Jersey,  Red  Jersey,  Nancy 
Hall,  Porto  Rico,  Gold  Skin,  Georgia,  and  Belmont. 

Black  rot  (18). — All  the  21  varieties  tested  were  susceptible  in  some  degree. 
Big  Stem  Jersey,  Creola,  Dahomey,  Dooley,  General  Grant  Vineless,  Gold 
Skin,  Haiti  "yam,"  Key  West  "yam,"  Pierson,  Pumpkin  "yam,"  Red  Brazil, 
Southern  Queen,  Triumph,  Yellow  Jersey,  and  Yellow  Strasburg  showed  some- 
what less  disease  at  digging  time  than  Porto  Rico,  Nancy  Hall,  Georgia,  and 
Belmont.  The  Jersey  group  as  a  whole  was  somewhat  less  susceptible  than 
others. 

White  rust  (17). — Highly  susceptible:  Red  Jersey,  Yellow  Jersey,  Red  Bermuda, 
and  Nancy  Hall. 
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Quite  susceptible:  Creola,  Dooley,  Big  Stem  Jersey,  Florida,  General  Grant 
Vineless,  Pierson,  Yellow  Strasburg,  Red  Brazil,  Dahomey,  and  Yellow 
"yam." 

Moderately  susceptible :  Porto  Rico,  Southern  Queen,  Key  West  "yam,"  and 
White  "yam." 

Slightly  susceptible :  Triumph,  Belmont,  Pumpkin  "yam,"  and  Vineless 
Pumpkin  "yam." 

Scurf  (17). — All  varieties  tested,  including  all  those  mentioned  above  with  some 
others  and  some  unnamed  selections,  were  susceptible.  Apparently  varieties 
differ  very  little  in  their  degree  of  susceptibility. 

Foot  rot  (17). — Little  difference  between  varieties  in  their  degree  of  suscepti- 
bility was  noted. 

Internal  break-down  (a  condition  developing  in  storage  as  a  result  of  storage 
at  high  temperature  combined  with  low  humidity). — No  detailed  comparative 
studies  under  controlled  conditions  have  been  made,  but  it  is  known  that 
Southern  Queen  and  the  members  of  its  group  are  more  susceptible  than  other 
varieties. 

SUMMARY 

A  method  of  drying  the  sweetpotato  in  slices  or  strips,  which  may 
subsequently  be  prepared  for  the  table  in  a  considerable  variety  of 
ways,  has  been  developed.  In  outline,  the  method  consists  in  care- 
ful inspection  of  the  stock  to  eliminate  decayed  roots,  peeling  by 
abrasive  machine  or  by  immersion  in  hot  lye  solution  of  appropriate 
strength,  washing  and  trimming,  slicing  or  cutting  into  longitudinal 
strips  by  hand  or  machine,  immersing  in  dilute  citric  acid  solution 
to  prevent  darkening,  spreading  on  trays,  exposing  to  live  steam  for 
a  sufficient  period  to  rather  completely  cook  the  material,  and  drying 
at  a  temperature  ranging  between  130°  to  165°  F.  to  a  residual 
moisture  content  of  12  to  15  percent.  Sweetpotatoes  may  be  dried 
directly  from  the  field  as  dug  or  after  previous  curing  and  storage; 
the  products  made  from  cured  and  uncured  stock  of  the  same 
variety  will  differ  considerably  in  sweetness,  depth  of  color,  and 
firmness  of  texture  when  prepared  for  the  table  and  will  require 
slightly  different  treatment  in  cooking,  but  will  be  of  like  quality. 

When  dried  by  the  method  here  described,  the  material  had  a  semi- 
transparent  or  translucent  appearance,  a  greatly  intensified  and 
deepened  color  as  compared  with  the  fresh  raw  sweetpotato,  and  a 
smooth,  varnishlike  surface  due  to  the  presence  of  a  film  of  dry 
dextrins  and  sugars.  At  a  residual  moisture  content  of  12  to  15 
percent  the  pieces  were  hard,  hornlike,  broke  with  a  glasslike  frac- 
ture under  pressure,  were  not  hygroscopic,  and  did  not  lose  or  gain 
in  weight  appreciably  when  stored  for  long  periods  with  access  of 
air.  The  material  was  very  readily  refreshed  in  preparation  for 
cooking  by  soaking  in  cold  water  or,  preferably,  by  placing  in  hot 
water  and  holding  at  simmering  temperature  for  1  to  iy2  hours. 
After  being  refreshed,  it  could  be  prepared  for  the  table  as  baked  or 
candied  sweetpotato,  or  as  a  mashed  or  pulped  baked  sweetpotato, 
or  it  could  be  pulped  arid  employed  in  the  making  of  pies  or  pre- 
pared as  French  fried  or  sauteed  sweetpotato.  The  fact  that  the 
slices  or  strips  could  be  prepared  for  use  in  a  variety  of  ways  made 
their  preparation  preferable  to  that  of  a  granulated  or  riced  product, 
which  was  also  successfully  prepared.  The  preparation  of  the  riced 
product  was  more  laborious  and  control  of  discoloration  considerably 
more  difficult;  the  product  was  rather  strongly  hygroscopic  and  re- 
quired protection  against  access  of  air  to  prevent  spoilage;  it  could 
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be  used  only  in  a  limited  number  of  ways.     It  is  consequently  con- 
sidered less  useful  than  the  other  forms  of  product. 

The  dry  material  in  sliced  or  strip  form  is  not  hygroscopic  and 
does  not  require  moisture-proof  containers  for  storage.  If  dried  to  a 
proper  moisture  content  and  stored  in  storage  rooms  in  which  tem- 
perature and  moisture  content  of  the  air  are  reasonably  well  con- 
trolled, the  material  may  be  kept  for  years  without  deterioration  in 
appearance  or  table  quality.  It  is  not  attractive  to  the  ordinary  in- 
sects attacking  dried  fruit,  but  is  rather  highly  so  to  some  of  the 
small  grain  weevils  and  cigarette  or  drug-store  beetles,  so  that  con- 
tainers used  for  packing  and  storage  must  be  such  as  will  effectively" 
exclude  these  insects. 

About  TO  varieties,  subvarieties,  and  strains  of  sweetpotatoes,  in- 
cluding practically  all  the  obtainable  named  varieties  of  any  value 
or  importance  and  a  considerable  number  of  unnamed  introductions 
and  selections,  have  been  rather  carefully  studied  as  to  their  possibili- 
ties as  material  for  making  dried  products.  The  work  was  continued 
over  a  number  of  years  so  as  to  eliminate  variations  in  raw  material 
due  to  seasonal  conditions  or  other  uncontrolled  factors.  The  mate- 
rial was  dried  both  as  it  came  from  the  field  at  digging  time  and  also^ 
after  the  usual  curing,  followed  by  a  period  of  storage.  Data  as  to 
loss  in  peeling  and  preparation  and  yields  in  terms  of  fresh  stock  and 
as  percentages  of  peeled,  trimmed  stock  are  presented. 

The  dried  products  were  carefully  examined  and  graded  in  the  dry- 
condition  for  color  and  general  appearance  as  dry  products  and  were 
then  prepared  for  the  table  in  various  forms  that  were  again  ex- 
amined and  graded  for  color,  texture,  flavor,  and  palatability  as  pre- 
pared products.  The  results  were  assembled  and  the  varieties  were- 
ranked  into  groups  of  approximately  equal  merit  in  respect  to  quality. 
In  the  final  ranking  of  the  varieties,  due  weight  was  given  to  such 
factors  as  ease  or  difficulty  of  preparation  for  drying,  percentage  of 
loss  in  preparation,  and  the  like. 

Nancy  Hall,  Myers'  Early,  Mullihan,  and  Mameyita  were  some- 
what superior-  in  quality  of  product  to  all  others.  They  were  rather 
closely  followed  by  a  second  group  made  up  of  Big  Stem  Jersey, 
Yellow  Jersey,  Porto  Eico,  Yellow  Strasburg,  and  Red  Bermuda, 
all  of  which  make  products  that  are  very  good  in  all  respects,  but  not 
quite  equal  to  the  first  group.  A  third  group,  graded  good  in  quality,, 
consisted  of  Eed  Jersey  and  Early  Red  Carolina,  Vineland  Bush. 
Gold  Skin,  Creola,  Dooley,  Key  West  "yam,"  Pumpkin  "yam,"  and 
Vineless  Pumpkin  "yam."  A  fourth  group,  which  made  quite  ac- 
ceptable products  and  was  graded  fair  in  quality,  contained  South- 
ern Queen  and  its  strains — Ballinger  Pride  and  Miles  "yam,"  Florida,. 
Norton,  Red  Brazil,  and  Triumph.  Many  of  these  were  equal  to 
varieties  in  the  higher  groups  in  appearance  of  the  dried  product,, 
but  were  inferior  to  them  as  cooked  products. 

For  various  reasons  the  remainder  of  the  varieties  studied  are  con- 
sidered unpromising  material  for  drying  purposes.  In  some  cases- 
the  cause  is  inherently  low  quality  in  the  variety;  in  others,  un- 
favorable shape  and  size,  which  make  preparation  difficult  and  waste- 
ful of  material  and  labor;  in  still  others,  low  productiveness  and 
susceptibility  to  field  and  storage  diseases.    The  varieties  of  the  first 
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three  groups  offer  a  rather  wide  range  of  material  free  from  defects 
of  this  character,  to  which  use  for  drying  should  be  confined.  Atten- 
tion is  called  to  the  facts  that  the  existent  varieties  of  sweetpotatoes 
present  a  wide  range  in  quality  and  that  the  quality  of  the  individual 
variety  is  fairly  consistent  as  prepared  for  the  table  from  fresh  ma- 
terial or  after  canning  or  drying.  Increased  attention  to  the  factors 
constituting  quality  as  at  least  of  equal  importance  with  productive- 
ness and  disease  resistance  in  future  studies  of  the  sweetpotato  is  sug- 
gested as  an  effective  method  of  eliminating  low-grade  and  inferior 
varieties  from  cultivation  and  improving  the  quality  and  possibly 
increasing  the  consumption  of  the  crop. 
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